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I. SUMMARY

During this terminal period of research in Transient Pressure
Measuring Methods, transducer evaluations in the laboratory and in test
rocket motors continued primarily on noncooled transducers in cocled
adaptors and on variations of the Princeton Small Passage Technique.

Late model Dynisco PT49CF transducers, that were evaluated

du

uring the

gz revicus resecarch period, are discussed herein since their
most recent modification had a direct bearing on the development of the
Dynisco model PT134 transducers. Redesign and further development
of the model PT134 transducers by the manufacturer during most of this
research period prevented the intensive testing needed to fully evaluate
this advanced water cooled, flush diaphragm transducer.

Several models of cooled adaptors;_" on consignment for evaluation
from the Kistler Instrument Company, were recalled by the manufacturer
because of obsolescence before laboratory evaluations were completed.
These were replaced by new and improved models late in the period.

A study of the dynamic response of small passage connected trans-
ducers, as affected by passage length and volurme geometry, was continued.
Work also continued on the digital computer analysis of the dynamic response
of pressure transducers to shock inputs. In addition, a special study was
made of the accuracy of heat transfer measurements with water cooled,
flush diaphragm pressure transducers. Attention was given to transducer
mounting and installation problems, especially gaskets and sealing.

Rocket motor testing and work on improving equipment for the evalua-
tion of transducers in the laboratory was curtailed towards the end of the
period in favor of completing as many of the laboratory evaluations as pos-
sible prior to shipment of the laboratory equipment to Battelle Memorial
Institute where the evaluation will be continued. Rocket motor tests will

be conducted beyond this research period.
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I1I. TRANSIENT PRESSURE TRANSDUCER EVALUATIONS

The pace at which transducers were evaluated was set by the availa-
bility of transducers and the time required to provide satisfactory hardware
for installing the instruments in the laboratory equipment and the rocket
}notors. Over twenty pressure transducers and transient pressure measur-
ing systems were started through the evaluation procedure in the course of
this research period. Selecied preliminary evaluations of those instruments
on which laboratory testing was completed are included in this report as
Appendix A.

A. Water Cooled Flush Diaphragm Transducers

Three models of this type transducer available for evaluation were

the Dynisco Models PT49 and PT134 and the Elastronics Model EBL 6009N/ P.

1. Laboratory Evaluation
a. Dynisco PT49CF

Two model PT49CF -2M transducers of the latest design (Serial
Nos. 21148 and 21208) were evaluated for the NASA Marshall Space Flight
Center. Design features, important in the development of the model PT134
transducers, were studied including evaluation of the coolant passage design,
especially in the diaphragm area, the thoria-dispersed nickel diaphragm, and
the method of attaching the diaphragm to the transducer body.

A new and more rugged transducer body was also incorporated
in this design to help overcome the sealing problem. Maximum allowable
torque on previous models of the flange mounted PT49 transducers did not
provide sufficient gasket loading for proper sealing. A plot of transducer
output vs applied torque on retaining screws is found in the evaluation of
transducer Serial No. 21208 in Appendix A. Maximum allowable torque on
stainless steel screws with bearing washers but without lubrication was set
at 30 inch pounds since the plot suggests that this amount of torque carried
the transducer body to the stress-strain proportional limit and further load-
ing may cause a yield to column action between the gasket flat and the retain-

ing flange.



Zero drift, zero shift due to coolant pressure, and hysteresis
were negligible with excellent linearity displayed in the static pressure calibra-
tions of both transducers. Coolant flowrate and average coolant pressure were
increased 25 percent and 40 percent respectively above rated conditions estab-
lished for the previous PT49AF models.

A resonant frequency of approximately 25, 000 cps was deter-

mined in the shock tube and although some irregularities did appear in the

......... T Il s s

. . R . .
ampllt“de ratio vs frequency data Uccrs exhivited a flat (x 10%)

re

H
3

£

response to 10, 000 cps in the Sinusoidal Pressure Generator.

A coolant temperature rise of 3.2°F per Btu sec-1 in _ of heat
flux was recorded at low heat flux values (1.5 to 3) in the laboratory, indicat-
ing an expected 80°F coolant temperature rise at the 25 Btu sec:.l in-2 heat
flux level.

b. Dynisco PT134

The research period started with four prototype instruments
available for evaluation. All PT134 transducers were evaluated at an average
coolant pressure of 225 1b in-z gage and a coolant flow of 0, 080 1b sec.l
Coolant in all cases was distilled water supplied from a closed system pres-
surized with nitrogen gas. Coolant pressure rating was established by com-
paring flow data collected at various pressure levels and selecting the average
coolant pressure for which the coolant pressure drop vs coolant flow curve did
not shift more than 5 percent when average coolant pressure was increased
50 1b in-2 gage. Example; for the same coolant pressure drop, the coolant
flow curves of Figure 1 show a decrease in flow of 11.5 percent at an average
pressure of 275 1b in-2 gage from that established at 225 psig and the selected
flow rate of 0.08 1b sec-l. Maximum rated coolant flow was established at a
value considered to be safely below the flow cavitation level at rated average
coolant pressure. Four of the six samples available to date exhibited these

same coolant flow characteristics.




Coolant Pressure Drop, psi

Coolant Pressure Drop vs Coolant Flow
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During a previous coolant flow and pressure test, in which an
earlier prototype PT134 was tested to destruction, physical measurements of
the external transducer dimensions showed no growth or movement of trans-
ducer body or diaphragm up to 2200 Ib in-2 gage. Failure occurred when the
inner coolant shell collapsed under pressure at approximately 2225 1b in-2 gage.
A conclusion to be drawn from Figure 1 then is that some internal structural
movement is contributing to the coolant pressure drop across the transducer
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Figure 2 is a display of coolant flow data at rated average cool-
ant pressure for several prototype PT134 transducers. The spread of data is
apparently a result of variations in the manufacturing process and currently
is considered to be of little consequence since no effect on transducer per-
formance was detected in the measurement of either steady state or transient
pressures. Coolant flow calibrations at 1000 1b in-z gage and 1200 1b in-2 gage
average coolant pressure and the effect of pressure applied to the diaphragm on
coolant flow are shown in Figure 3. The zero output shift of this transducer,
caused by 1200 1b in-2 gage average coolant pressure, amounted to 11 percent
of full scale output as seen in the static pressure calibrations of Figure 4.

Static pressure calibrations of the PT134 transducers, with
and without coolant flow, disclosed very good linearity and little hysteresis.
The average deviation in output from a computed best fit straight line did not
exceed 0.25 percent of full scale output even when calibrations were extended
to 1-1/2 times full scale.

Dynamic testing in the shock tube indicated resonant frequencies
ranging from 35, 000 to 40, 000 cycles per second. A flat response (+ 10%) up

to 10, 000 cycles per second was obtained in the Sinusoidal Pressure Generator.



Coolant Pressure Drop vs Coolant Flow

for Several Dynisco PT134 Transducers
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Coolant Pressure Drop, psi

Coolant Pressure Drop vs Coolant Flow

Dynisco PT134~1M
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Transducer Output, mv
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c. Elastronics Model EBL 6009 N/ P
Previous work with this transducer, especially static testing,
was plagued by an exceedingly high drift rate. This problem was finally al-
leviated by the addition of new cabling, cleaning and sealing connections, and
making charge amplifier adjustments. However, one of two units procured

for evaluation, failed electrically frominemal coolant leakage while trying to

established rated coolant conditions; th

static pressure calibrations with coolant flow. Atten:xpts to recover these in-

struments by cleaning and vacuum oven drying failed and they were abandoned.

2. Rocket Motor Tests
a. Dynisco Model PT49CF

Burnout occurred on transducer Serial No. 21148 at the dia-
phrag.m to transducer body joint and at the 12 Btu sec-l in-z heat flux level.
Transducer body material burned away during testing in the transverse motor
under conditions of combustion instability in the first tangential mode. Since
heat fluxes at the same level were recorded for several rocket runs during
longitudinal instability tests, burnout was attributed to transducer body wall
thickness in a critical area. Transducer Serial No. 21208 suffered the same
type of damage, but not as extensive. A modification was made in which one
half of the wall material was removed and replaced with a press-fit copper
sleeve. Tests were then made under similar conditions at the 14 Btu sec-l in
heat flux level without injury to the transducer. This transducer later suc-
cumbed to electrical failure. However, sufficient information was gathered
from the evaluations to assist in the selection of coolant passage design, dia-
phragm material, and method of construction for the PT134 transducers.
The Dynisco model PT49C transducer became obsolete during this period

and attention in the future will be directed toward the Model PT]134.

-2
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b. Dynisco Model PT134

The Dynisco Model PT134 was the only advanced water cooled,
flush diaphragm transducer available for rocket motor tests during this period.
When coolant tube leaks and electrical failures occurred simultaneously on the
first two instruments tested, they were returned to the manufacturer for re-
pair and further modification. The hexagonal section of the transducer was
enlarged to 1.30 inches (across the points) to permit the use of larger coolant
tubes and allow for a more sturdy construction. Electrical failures were at-
tributed to coolant entering the upper transducer section when coolant tube
leaks developed. Signal leads were armored and sealed connectors installed.
This later version of the PT134 appears in the FRONTISPIECE. In addition
to the above modifications, considerable time and effort was given by the
manufacturer to the problem of reducing heat transfer by ceramic -coating
the cylindrical bodies of some transducers and the diaphragms of others.
Rocket motor tests had previously indicated that a large amount of the heat
picked up by the coolant was from along the sides of the cylindrical portion
of the transducer bodies.

Heat flux to Dynisco Model PT134 transducers averaged 1.2
times that to a model PT49C monitor transducers in twenty rocket runs at
values ranging from 6 to 12 Btu sec - in" . Tests were performed in which
rocket motor conditions were repeated with the PT134 and monitor trans-
ducers alternately placed in the same location in the chamber wall. Tests
in which monitor and test transducers were placed opposite each other in the
chamber were also repeated with transducer positions exchanged. In all cases
the PT134 indicated a higher specific heat flux than the monitor transducer.
Steady state and transient pressure data was excellent during all rocket motor
testing. The redesigned PT134 transducers were not forwarded in time for
evaluation before the end of this reporting period. It is hoped that significant

rocket motor test results can be presented in the final report.
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B. The Princeton Small Passage Technique

Several versions of this technique, both cooled and uncooled, with
different external dimensions appeared on the scene during this research
period. All gave excellent performance in the laboratory within their
limitations and rocket motor tests yielded quite favorable results.

1. Laboratory Evaluations

a. Aerojet-General Model HB3X-1 Adaptor
The HB3X -1 adaptor, shown in Figure 5, houses a Kistler

601A miniature quartz transducer and helium bleed designed according
to this technique. The choked flow conditions, required of the helium
bleed system for satisfactory dynamic performance and passage cooling,
are controlled by a small jewel orifice. Repetetive orifice calibrations,
shown in Figure 6, provided the required helium supply pressure settings
throughout the evaluation. A plot of the static calibration is found in
Figure 7 and shows the typically linear output of the Kistler 601A trans-
ducer.

Meaningful results could not be obtained from the shock tube due to .
anomalous thermodynamic effects in the small passage. Figure 8 shows
the dynamdc response in the Sinusoidal Pressure Generator with and without
the dynamic compensation offered by an L-R-C filter. The filter charac-
teristic is also shown in Figure 8 and a schematic of the circuit is found in
Figure 9. Amplitude response is seen to be flat (£ 10%) to 8000 cps when
dynamically compensated and effects on phase lag are still being evaluated.
The amplitude data always repeated and the irregularity in the response curve
at about 6000 cps is attributed to the method of introducing helium into the
small passage. In a study of the effects of passage length and geometry on
the dynamic response of small passage connected transducers, which is dis-
cussed below, the HB3X-1 configuration was duplicated except for the internal
design for the helium bleed. Response as determined from SPG data showed
no irregularities nor did photographed displays on a Panoramic sonic analyzer

at any test frequency.
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Helium Supply Pressure, psi

Helium Supply Pressure vs. Bleed Flow

 AGC GEMSIP ADAPTOR HB3X-1 SERIAL 002
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Transducer Output, volts
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Transducer Output vs Applied Pressure
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b. Aerojet-General Model HB4X-1 Adaptor
The HB4X -1 small passage adaptor is very similar to the
Model HB3X-1. Outline dimensions are the same and the same model trans-
ducer is used. Passage diameter has been changed, decreasing in steps of
several thousandths of an inch, and the helium bleed passages have been
altered. Although the evaluation appears in Appendix A, the SPG curve is
Figure 10 for comparison with performance of the Model HB3X -1
adaptor. Time did not permit the construction and calibration of a dynamic
compensating filter for this unit,
c. Kistler Model 616H
The 616H is a water cooled adaptor with an internal geometry
made to accommodate a cooled protective thermal barrier for a Kistler 601A
quartz transducer and a helium bleed. The slightly open curve and small
zero shift seen in the static calibration of the evaluation in Appendix A was
caused by an average zero output drift of 0. 04 percent F.S. per minute.
Thermodynamic effects within the small passages have not permitted
accurate analysis of response data from a shock input to date. However, the
relatively large diameter and short length passage of the 616H should allow
a close approximation of passage acoustic response. The resonant fre-
quency of the short passage-protective barrier configuration with helium
bleed is about 24, 000 cycles per second. Amplitude ratio versus frequency,
as determined from SPG data, is reasonably flat to 7000 cycles per second.
It is not known at present whether outI.)ut attenuation below 5000 cycles per
second is caused by the relatively large volume at the end of the pas sage,
the presence of the cooled protective barrier, or other effects.
d. Guggenheim Laboratories Model GL029 Cooled Probe Adaptor
Based on performance of the Guggenheim Laboratories GLO017

Small Passage Technique Adaptor, in which a first resonant frequency of
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12,500 cycles per second and a flat response (+ 10%) to 3000 cycles per
second was realized, the GL029 cooled probe adaptor shown in the FRONTIS-
PIECE was designed to be readily installed in a variety of research and de-~
velopment rocket thrust chambers. The unit was made at the Marshall Space
Flight Center and arrived at Princeton late in the research period for evalua-
tion. Although failure of the outer coolant shell prevented a full evaluation,
sufficient data was accumulaied io verify dynamic response comparable to
the GLO17 adaptor. Figure 11 shows the GL029 adaptor approximately
double size and Figure 12 is the Amplitude ratio vs Frequency curve de-
veloped from SPG data. The unit was sectioned longitudinally to determine

the cause of failure and for possible redesign information.
2. Rocket Motor Tests

All rocket motor run conditions were repeated as close as possible
and transducers undergoing test were monitored by a Dynisco model PT49C
transducer,

a. Aerojet-General Model HB3X -1 Adaptor

The rocket test data of Figure 13 shows a slight thermal drift
which, during the course of several rocket motor firings, could not be re-
duced by increasing the helium bleed flow. The helium bleed provided ade -
quate protection for the transducer diaphragm but, since neither rocket
motor or the adaptor were cooled, enough heat evidently reached the trans—_
ducer to cause the drift. Although the thermal drift rate is low, accurate
steady state chamber pressure data can only be obtained when the device is
used in a regeneratively cooled chamber or provision made for cooling such
as in the GLO029 adaptor. About 1/ 16 inch of the probe end burned away with
no apparent effect on passage response. Transducer output was com-
pensated with the L.-R-C filter for this test although little difference is noticed
in the Visicorder data between this and the uncompensated tests. The helium

bleed tube failed during subsequent testing temporarily preventing further
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accumulation of dynamically compensated data. Helium bleed tube repairs
have been made and the unit has been scheduled for more rocket motor tests
with dynamic compensation.
b. Aerojet-General Model HB4X-1 Adaptor
Thermal drift, as seen in the rocket motor test data from the
HB4X in Figure 14, was very large for approximately 0.2 seconds after the

.

stari of combustion instability, decreasing gradually un

[

rium in the transducer system was reached at about 0.5 seconds. About

3/ 8 inch of the probe end eroded; again with no apparent effect on transient
data. Analysis of the first second of run time continues in an effort to learn
more about the effect of stepped diameter passages on dynamic response.
The damaged probe has been dressed to a shorter length for additional
rocket motor tests. The excessive amount of probe erosion is attributed

to the very thin wall at the probe end.

c. Kistler Model 616H

Coolant flow for the 616H, selected from coolant tests in the
laboratory, was found to be insufficient for rocket motor testing. Although
a flow of 0,130 lb/ sec provided sufficient protection against burnout, a
large thermal drift rate in transducer steady state output was experienced
along with a sudden and very large shift at the start of combustion instability.
The latter was overcome by increasing the coolant flow until, at a flow of
0.244 1b/ sec, the sudden shift in steady state output at the onset of com-
bustion instability was eloi{’nei?gield. Increasing coolant flow to 0.409 1b/ sec
had little effect and a largesthermal drift persisted. Average coolant pres-
sure was maintained at 975 psig and helium bleed pressure at 2.5 times

peak chamber pressure. The test data presented in Figure 15 was taken

with coolant flow at 0.244 1b/ sec.
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C. Other Types of Transducers

Included in this section are two instruments which utilize different

techniques for increasing transducer heat transfer capabilities.

1. Laboratory Evaluations
a. Kistler Model 616A
The Kistler model 616A shown in the FRONTISPIECE is a
passage Couuecied iransducer assexﬁbiy in which the diaphragm of a Kistler
model 601A quartz transducer is located at the end of a very short passage
in a water cooled adaptor. The adaptor hasa 1/2 X 20 mounting thread
running along 1/2 inch of its 5/ 8 inch reach.

A coolant flow of 0.126 1b sec“1 was established at the manufacturer's
recommended 1000 1b in-_z gage average coolant pressure. The linear output,
negligible hysteresis and low zero output drift, characteristic of the 601A
transducers, appear in the static pressure calibrations. Coolant flow at
constant coolant temperature and rated average coolant pressure had no
effect on transducer output. A peculiar response to a shock input was ob-
tained with the small passage filled with the nitrogen gas of the shock tube
test section making it difficult to determine resonant frequency of the pas-
sage. However, dynamic performance in the SPG was excellent. Low heat
flux testing indicated a negative thermal zero output shift of 0.2 percent F. S,

per Btu sec-l‘ in  of total heat flux into the adaptor.
b. Photocon Model PRP200 “
The model PRP200 utilizes a semiconductor strain gage bridge,
bonded to a square reduced section of a 1/ 8 inch diameter solid metal probe
as a method of transduction. Strain, resulting from pressure applied to the
end of the probe, is transmitted to the piezo-resistive gages mounted on the

reduced section. Two small 0-rings near the end of the probe provide a

pressure seal.
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)

The static pressure calibrations in the evaluation of Appendix A have
been translated to zero output at zero applied pressure. Since the first plot
did not close at the end of a 42 point calibration made from zero to 2000lb
in ~ gage, a second calibration was performed in which the process of apply-
ing pressure was reversed and the number of calibration points reduced to
18. Although indicated bridge current remained constant at 15 milliamperes,
sensitivity increased slightly and the calibration curve nearly closed at the
end point. Some effect of a zero adjusting circuit on transducer output, used
to bring transducer output on scale, was suspected. A third calibration was
made in which the zero adjust circuit was removed and transducer output read
on a digital voltmeter. Results of the third calibration are accepted as the
static performance of the transducer at a constant bridge current of 15 milli-
amperes.

A resonant frequency of approximation 26, 700 cycles per second ap-
pears in the shock tube data with peak to peak oscillations equal to about one
half the pressure step. The acceleration test, in which the transducer was
protected from the shock wave by a steel plate, produced the same frequency.
A beat frequency of 5000 cycles per second, accompanied by very high ampli-
tudes, is seen in the data along with a frequency of approximately 100 kilo-
cycles at significant amplitudes. Oscillations of small magnitude also occur
at about 1 megacycle. It is impossible to accurately determine any one of the
several frequencies displayed in the shock tube data. Considering the time
increment associated with each oscillation in the data of photograph No. 1 of
the Appendix, transducer resonant frequency ranges from.25, 000 to 40, 000
cycles per second.

The unit was removed from its adaptor, concentricity and tolerances
were checked and 0O-ring seals were replaced and lubricated. The unit was
reassembled and leak tested to 2000 1b in-z gage and shock tube tests were
repeated. Results of the repeated tests, found in photographs Nos. 5 and 6

of the evaluation in Appendix A, indicate that displayed dynamic performance
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is inherent in the transducer and not the result of improper mounting or adapta-
tion to test equipment. Although transducer output was greatly attenuated at
low frequencies as measured in the Sinusoidal Pressure Generator, amplitude
response was reasonably flat above 1500 cycles per second. This and the re-
peatability determined in the shock tube suggests the instrument may be cali-
brated and used for transient pressure measurements for very short runs in
research rocket motors.
2. Rocket Motor Tests
a. Kistler Model 616A

Preliminary rocket motor tests on the 616A adaptor, in which
a bare junction thermocouple replaced the transducer, indicated temperatures
exceeding allowable working temperatures for the transducer at heat fluxes as
low as 4.5 Btu sec"1 in-z. Although the 616A had performed in rocket tests at
other locations, with and without ablative compounds protecting the transducer
diaphragm, the instrument was set aside in favor of testing the advanced Kistler
transducer assemblies and scheduled for rocket motor tests beyond the research
period.

b. Photocon Model PRP200

Three rocket motor tests were made to check dynamic per-
formance, piston ablation, and O-ring sealing under conditions of fully de-
veloped combustion instability. An increase in amplitude with time and con-
siderable thermal drift is displayed in the rocket test data shown in Figure 16.
No piston erosion or leakage occurred during the tests and O-ring seals were
intact after removal of the unit from the chamber. The data of Figure 16 is
that recorded on the last rocket motor test. Growth in amplitude with time
is not as great as in the two preceding runs. Since test conditions were re-
peated for all rocket motor tests, analysis of test data continues in an effort

to find a satisfactory explanation for this change in dynamic response.
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III. OTHER WORK

A. Dynamic Response of Small Passage Connected Transducers

Development of the Princeton Small Passage Technique as a transient
pressure measuring device for use in liquid propellant rocket thrust chambers
has met with considerable success and several transducer assemblies which
utilize the technique are commercially available. Some of these are discussed
in this report. A study in the dynamic response of small passage connected

) S

of tuc T A rnlimd e

(ot 2 ~ o
Dilid il LSadSoapgc 1ovllilague,

Lt

iransducers, aimed ail furiher Improvemen
was made to gain additional insight by adjusting various parameters and to
establish a pattern of calibrating devices employing the technique.

An uncooled version of the Guggenheim Laboratories G1029 Cooled
Probe Adaptor was selected for the study and modified to facilitate parameter
changes, particularly passage length and the small volume between the trans-
ducer diaphragm and the end of the passage. Figure 17 shows the GL030
adaptor and its component parts used for the study. Passage length was
varied by unscrewing one probe and replacing it with another of different
length. Helium mass flow was controlled by using different diameter orifices
and adjusting helium supply pressure. Volume at the end of the passage was
controlled by changing ''gap' or distance between transducer diaphragm and
the end of the small passage. This was best accomplished by making the
helium bleed sleeve in two sections; a section containing the helium bleed
slots and a spacer section which could be machined to a prescribed length.

A formula derived from an analysis by Reardon and Waugh, which
predicts the response of passage connected pressure transducers, was modi-
fied to predict the resonant frequencies of various passage lengths and small
volumes. The formula is found in Figure 18 with a theoretical plot of Passage
Length vs Resonant Frequency for a number of gaps or small volumes using
helium gas. Figure 19 is a plot for a range of gap dimensions (0. 001 to 0.013

inches) using helium, hydrogen, and nitrogen gases. A plot for typical - ~.

combustion gases is found in Figure 20.
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Tests were conducted with gaps of 0. 003 and 0. 013 inch. The smaller
gap is a minimum to provide proper transducer diaphragm clearance and
helium bleed flow. The larger gap was used to determine the effect of a large
volume on performance. Theoretical results were based on a simple circular
cross-section passage with a cylindrical small volume and assuming zero
damping. Test results and predicted resonant frequencies agree favorably,
Figure 21 shows test data for gaps of 0. 003 and 0. 013 inch at various passage
lengihs with and without helium bieed fiow placed on a plot of predicted re-
sults. In the case of no helium bleed, a blank sleeve replaced the slotted
helium bleed sleeve.

An analysis of a system involving geometry which deviates from the
simple cylindrical case just presented would be tedious. Since changes in
geometry are small, qualitative tests will suffice to determine the effect of
geometry changes on performance. Changes in geometry involved a stepped
diameter passage, a 0. 003 inch chamfer and a shallow double cone chamfer
at the end of the small passage. Test results, compared with the simple
case for a passage length of 0. 750 inch in Figure 22, show that the two-
diameter probe increases the amplitude ratio and the true resonant fre-
quency, the 0.003 inch chamfer increases amplitude ratio for both bleed
flow and blank sleeve conditions and the double cone increases the amplitude
ratio and also increases the true resonant frequency from 9500 cycles per
second to 9600 cycles per second for the bleed flow case. A very interesting
result is that a two step diameter passage produces a resonant frequency con-
siderably higher than the predicted resonant frequency.

Another interesting result, previously mentioned and considered to
be of importance at this time, is how the method of admitting helium to the
small volume affects dynamic performance. The GLO030 adaptor provided,
during the course of study, a check on the HB3X~1 adaptor. The HB3X-1
evaluation disclosed wave distortion-s and a resonance at very high amplitude

in the vicinity of 6000 cycles per second. The GL030 adaptor was assembled
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in the HB3X configuration except for the helium bleed sleeve which had four
very small bleed slots symmetrically located to admit helium from a narrow
annulus machined on the outside of the sleeve into the small volume between
the end of the small passage and the transducer diaphragm. Helium was ad-
mitted directly to the small volume in the HB3X -1 through a single bleed hole
as shown in Figure 23. Amplitude Ratio vs Frequency for both assemblies is
presented in Figure 24. A full report on this work (Princeton Aeronautical
ngin 1g Report No., 595g) is currentl

B. Computer Analysis of the Transient Response of Pressure
Transducers to Shock Inputs

Work continued during this period on several methods for the evalua-
tion of transducers using pressure steps produced by a shock tube. Much ef-
fort was spent early in the period on a literature search that led to program-
ming three methods: straight line, staircase, and pseudo-rectangular pulse

for the analysis of a theoretical damped sine wave for amplitude ratio and phase

lag versus frequency. These methods have been tested for a variety of sampling

intervals (spacing) and number of cycles (truncation) with generally satisfactory
results for close spacing and little truncation. The methods will shortly be
used to evaluate the effects of increased spacing intervals and truncation on

the results. Two other methods called the triple differentiation method and
Fourier function method have been developed mathematically and are now being
programmed.

A damped sine wave derived from the theoretical curve has been hand
plotted and photographed for reading on an optical scanner which will provide
punched card input for the computer as a check on the trace and reading errors
encountered in handling the Polaroid photographs of the oscilloscope outputs
from the shock tube test of an actual transducer.

A large number of transducers have been tested on the shock tube and
the photographic results will be analyzed for amplitude ratio and phase lag by
the method found to be most suitable. It is hoped that the phase lag results
will be found to be useful as well as an improvement in amplitude ratio results,
The complete work will be presented in Princeton University Aeronautical

Engineering Report No. 595s, soon to be published.
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C. Heat Transfer Measurements with Water Cooled Flush
Diaphragm Transducers

The feasability of using water cooled flush diaphragm transducers as
heat flux gages depends largely on the ability to determine extraneous heat
fluxes or that part of the total recorded heat flux contributed by heat flow
through the transducer body. Laboratory tests at low heat flux values, using
a cooled copper assembly to control transducer environment, an oxy-acetylene
torch for heat input and Dynisco model PT134 transducers as a heat fiux gage,
indicated 15 to 45 percent error in heat flux measurements when using the
transducer diaphragm area as a heat transfer area.

Heat flux was determined by measuring coolant flow, coolant tempera-
ture rise, using a coolant heat capacity of unity and the transducer diaphragm
area as a heat transfer area to provide a uniform base for heat flux compari-
sons. Results of over 40 test runs yielded lateral heat flow (heat flow through
transducer body) values ranging from 12 to 43 percent of the total recorded
heat flux.

An extensive series of rocket motor tests, in which rocket test condi-
tions were repeated, were made with three model PT134 transducers. For a
given transducer for nearly identical test conditions, heat flux data agreed
within 7 percent and among the three transducers showed agreement within
9 percent. This series of tests was made in a large diameter cylindrical
motor where heat transfer is expected to be the same along a circumferential
element of the inner chamber wall during fully developed transverse combus-
tion instability and transducers placed along this element should receive the
same direct heat flux. Based on a temperature difference of 200°F between
rocket chamber wall and transducer coolant, calculated lateral heat flow in
the PT134 amounted to 16 percent of the 8 Btu sec.l in-2 total heat flux re-
corded. Total heat flux was consistently 11 percent higher than that indicated
by a monitoring PT49C transducer. This was expected since the transducer
body heat transfer area of the PT134 is 1.18 inz compared to the PT49 area
of 1.08 inz.
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Laboratory tests at low heat flux levels showed a 20 percent greater
heat transfer with a transducer to adaptor clearance of 0. 0005 inch than with
a clearance of 0.0065 inch. Evidently the clearance between the transducer
and the chamber wall acts as a thermal barrier during steady state conditions
and may account for some extremely high indicated lateral heat flows (65%
of total heat transferred to coolant), previously reported for the Dynisco
model PT134, during combustion instability when hot gases are being "pumped"
along th

Engineering Report No. 595r is currently in preparation.
D. Transducer Gaskets and Sealing

A solution to the problem of sealing transient pressure measuring trans-
ducers involves several factors. As instruments become smaller in size, pres-
sure sealing is reduced but manufacturing very small gaskets to perform in ex-
treme temperature environs and which will remain resilient enough to seal an
expanding and contracting joint becomes increasingly difficult. The method of
retaining a transducer in its cavity along with transducer geometry and rugged-
ness dictate to gasket geometry and gasket loading. A number of shapes and
materials serve well, regardless of size, as ''one-shot' gaskets or for repeated
testing where environmental conditions are mild and hold fairly constant. How-
ever, for service in advanced rocket booster engines, where hard starting, high
pressures, and extreme temperature changes are prevalent, special gaskets
are required.

Sealing was recognized as a major problem early in Transient Pressure
Measuring Methods Research. Several materials in various shapes performed
successfully in research rocket motors where the limiting factors of trans-
ducer size and geometry, operating pressures and temperatures, and relia-
bility requirements were not too severe. As operating conditions became
increasingly severe, efforts to find or develop a new gasket increased.

A coordinated effort with the Flexitallic Gasket Company of Camden,

New Jersey was initiated to develop a seal fashioned after that company's
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spiral wound gasket, a type of seal which has performed remarkably well in
a wide variety of applications for many years. A number of gaskets were
made to fit the Dynisco model PT49AF transducer. Gasket construction was
of 304 stainless steel wrap with asbestos filter designed to seal while flexing
0.010 inch. The maximum allowable torque of 30 in-lb on the transducer re-
taining screws did not provide sufficient gasket loading for the degree of gas-
ket hardness, a limiting factor which persisted with all of the PT49 models
(see plot of Transducer Zero Output vs Applied Torque for transducer
PT49CF-2M, S/ N 21208 in the evaluations of Appendix A). Gasket loading
was calculated for non-lubricated, stainless steel in steel screw threads
with standard steel washers for bearing and 2 new gasket was designed
about this criteria by Flexitallic. Gasket construction was of stainless
steel wrap with teflon filler and of such hardness that sealing against

2000 psi nitrogen gas pressure at ambient temperature was realized at

20 in-1b of torque on each retaining screw. The gasket yielded to loading

at 22 in-1b, was compressed 0.010 inch at 30 in-~1b of torque on each screw
and returned to original thickness after a full static pressure calibration on
the transducer. No leakage occurred in rocket motor tests up to 1200 psi
chamber pressure and rocket wall temperatures up to 45 0°F and the gasket
was accepted for use with the Dynisco PT49 transducers. Gaskets of 1/16,
1/10, and 1/ 8 inch thickness, designed to locate the transducer diaphragm
with respect to the inner chamber wall (from flush position to 1/16 inch
recess), were also tested with very favorable results. Several gaskets
showed no signs of leakage or deterioration after more than twenty rocket
firings. An array of gaskets for other transducers, all of which gave ex-

cellent performance, appear in Figure 25.
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IV. CONCLUSION

Laboratory evaluations of transient pressure transducers that are

currently available and prototypes of advanced models show a considerable

capability for measurement of dynamic pressures according to various tests
conducted as part of this research. The results must be compared with

tests in rocket motors during transient and oscillatory combustion to estab- -

lish the correlation between data taken in the laboratory and in actual use.
Although recent transducers and new techniques show a significant
improvement in the capability for making satisfactory ;neasurements of
dynamic pressures in rocket thrust chambers, much remains to be done
in the development of instruments and their associated systems. Addi-

tional work is needed on laboratory evaluation techniques to develop the

apparatus and its operation. More work is needed on the theoretical and o
analytical aspects of data acquisition and reduction as well as the handling

of the signals. The severe environment and restrictive mounting condi-

tions involved in rocket test and operation must be recognized as primary

factors in successful transient pressure measurement.

A further discussion of these conclusions will be found in the final

report.




APPENDIX A A
. PRINCETON UNIVERSITY
DrrARTMENT OF Asaosp\m:, AxD MECHANICAL SCIENCES
GUGGENHEIM LABORATORIES FOR THE AEROSPACE PROPULSION SCIENCES
FORM NO, 93e

JP--4 LARORATORY EVALUATION PROCEDURE FOR CURRENT WATER-COOLED FLUS!H DIAPIRAGM

TRANSIENT PRESSURE TRANSDUCERS

Type of Traunsducer:

Four brm St Gage

Manufacturer: c)gﬁmifgb

Other Data:

Model: PT49€F -2 Serial:

2i208

Reguestcd by:

Approved by:

— - P
Condu-ied by: \J\T'A (‘).W', f ES:
7 A

‘7-‘1
222 A4

Date Star:i: Date Stop:

S —~10 64

A, Inspection

initial
Time
Date

1. 1Inspect transducer, especially [o1 ilaws or damage wichr a

s

r [4 4 é ?rkt

sterco-microscope and Zy:lo as ucvessary, noiing cracks, deats,
impertect welds, clc. {Atcached pihoios or sketches as required).

¥

?-22-69

“s5d.

2. Measu -e tiansducer for compliance with ou:liac drawia;. Note

deviations: A o ~wa

7-22-4€¢

HED.

3. Measure lcaka,e resistance from all aciive pins to ground
uging the volte~ohm.st. Leakaue resistaace = s av

megohm,

)-22-¢%

Wheatstone bridue,

35746
3ST4

oiims .

ohms .

Input resistance =

OQutput resistance =

4. For strain gage tyvne transducers, ncasuve cesistances using the
« & =




repeat tirst two flow data points ot item 2.

p in p out C&;Ian’r Traﬁ%ducer Coolant
psig psig Flow Output Temp.
‘ cps:; ib/sec| mv _} psig mv 1 Of
0 0 0 4 o0 W A 9 '73
3/9 40 (383 rs1#) .2y | o1
290 6o /441 i “

Initial
B. Coolant Testing Time
3, ddDate
t. Install frajsducar in static test system in accordance with in- M"69
structions datec 2 Jung'G4 for co~tant flow tests ai.d static pres-
sure calibrotions, Use Ap-At-titti o gs, coolant inlet filter, géfj
coclant outtet sight-gtass, and selected gaskets., ot
N, By These littiwngs are to remain on transducer throug out the
evaluati n, Connect transducer to Instruments and auxil-
iary equipment. Follow manutacturer's procedures for the
adjustme t of auxiliary equipment awd allow recommended
warm-up time.
Transducer gasket i fdapter gasket
AP-AT  Set no. /L. Max. Torque 39 jn, lb,gl.q, J:uu__.v-.
Torque, ir. . | O 2, L1 6 | Blrsoirn 2602550
Output, mv gs 7._75‘,,9[ g1 &9 ,5'5 73|16 3| s> |50 éw.f'kt\ﬂ - 3d
Auxi Itary eguipment Seria s} and controfl seT‘Fﬁgs
2. Attach ¢ olant and instrumentation lines for coolant flow rate P-9-6%
vs pressure drop test at average coolant pressure _¢7)” psig.
Flow meter No. ~87 . g.é"dl
ap . .
- fp in p out Cootant Transducer Coolant
Covrecho, psig psig Flow Qutput Temp,
cps ib/seq mv sig mv °F
0 9 0 0 e 53 .9 173
~7] ]3¢0 40 (469 |./920 ) (F3]-(7 ] ~
-6 _|290 ©o 357€ 1312 ) < W
~4:7_|2 20 o 1205 | 4125 . g .
~3.7 |23 /UD 7027 .c042 ) o | <
~.7 | 0 {2-¢ Y.,9 ].0889 . . “
~0:7 co | /94 736 .02 « |~ 1
0 0 0 0 <51 -
3. Reverse coolant flow by changing lines at Ap=AT fittings and 3’— Y€y

3

£

Y

(77s4e.)

1y

P,
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3.

A-4
Initial
B. Cooiant Jesting (cont'd) ‘a;fé-’“gafeal
4, Return © olant lines to original position and repeat item 2 at ?’J—“f/
increasing average coolant pressure in 50 psi increments until
pressure drops versus flow rate data shifts significantiy, ?—(’,J,
Report data atter each coolant test. v
Average coolant pressure /S psig
op P in P out Coolant Transducer Coolant
- |psig psig Flow Output Temp.
[Corvecticy psi cps { Ib/sec] mv_{psig mv d
~3 lr>dy oy 962101391 .47 “
27 /30 20 9.5 089/} 4§ i
~1.7 Jee 0 <0 730 |.o%08 | 50 |3 2
«0,7_] ¢¢ 6o 46,0 1,04947) .57 v
1% | 20 sy 57 2
O 0 o « 5,3 °s
Average coolant pressure /_Zi'psig 5- 3“'67 ¥
¢P P in P out Coolant Transducer Coolant Z('TJ‘ o
“ lpsig psig Flow Output Temp. e
%fd"“ cps Ib/sec mv Pps"l q mv %
R ' o &) (o) ‘53 4 ? 73
~4& _[2 20 3o 23 1. (/82 ) 954421 - B
~% ¥ _| 2ue S 0 1984 .4057 o ‘
~2:7 /50 7 © gLt 4.0¥97) - - -
(. ¥ /60 9o 736 Y712 |47 "
-090 /g0 | 40 YARPLIAS RZA) 2
-y O o 0 o /}—’3 . 4
) Average coolant pressureZ25psig | F-£-6 &
‘P - » '.v:f
P in P out _Cpotant Transducer Coolant Q’B'y
Corves bl PSiG psig Flow 0 utput Temp. =
has cps Jib/sec | mv fpsig | mv | ©F
=10 |4ro 4o yes|ii70o6f s 3) =2 ‘ :
~5$ |350 70 (SES sy ¢ * )
-66 |350 (v (409379 o
-5 |3 e X 242 ) 205} 7 ‘s
~3¢4 1290 |} (60 (03] .07 | ;32 '
~0.9 260 (4° 75F | v73¢4} /32 )
-0,9 R O 270 S Y .oq85 . 32
d d O * qL c.
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resistance __ /vy ')v\gd__&_

A-6
’ Initial
B. Coolant Testing {cont'd) Time
— — —— .
5. Disconnect signal lead and repeat item AS. Leakage STTey

g8 W

6. Connect signal lead and leave tfransducer energized. Report
coolant test data.
7. Tag transducer for coolant conditions as follows:
a. Inlet Pressure )—;rps!g;
b. Outlet Pressure ‘:)"psig.
c. Average Coolant Pressure /7 )’psig..
d. Coolant Flowrate ¢/ 29 ib./sec.
N, B, "All testing uniess specifically directed otherwise, is

to be carried out under the above conditions until the
transducer is re-evaluated.

8. With coolant flowing observe zero reading during a one hour
Report any significant shift

period at 5-minute intervais,

§=p-co

Athe

in zero.

Time Time Time

of Output ot Output ot Output

Day mv Day mv Day mv
2:2f « 4 Z:J—U ey 0 a:[{ 13“73‘
230 , 70 258 . (Lo .59 5
213§ X 3!vo “ 3i2y | .395”
2:"(4 ‘" 3( OJ of
2.4y ‘e 3.0 39y




. 5.
2r2 0 &
Tnitial
€. Static Testing Time
LndDaTe
. ]
l. If procedure has been interrupted, repeat Item Bl and B4.
Completely purge coofant passages of water with dry nitrogen
gas from static test panel at 20 psig max. Leave coolant lines
disconnected. '
2. Apply ;Zéh311_psig to transducer, Insert on appropriate
voltage divider to bring output on the calibrator scale.
Divider ratio = Release applied pressure. \
3. Appily pressure in [0  psi steps Toogopsig and returm |
in equa! steps to zero pressure,
N, B, Care must be taken to approact each pressure in the partic-
ular direction of travel to avoid any masking of hysteresis
or other effects.
Computing identification A0%-3
Ascending Applied Descending
Pressure Output Pressure Pressure cutput
(mv) (psig) (mv)
2.02 [0D 2.00
3.s©0 200 3.5¢
gL 0[ 300 51 OL
6.s2 400 T b.S8
7.99 $p0_" ® }.09
9.5l £ WA-Y) 5 7.5%
1L o0 i 200 4 [l - 0F
|
/35.99 o 9p0 £ [4.10
(5.9 3 (00> E /S0
1e.99 S T @ 17,19
[%.50 < 200 3| /@60
20 .00 1 13s0_ 20./0
2/.49q / Y00 2.9
2¢.5 | LBE 24. 60
e 24.02Z 1700 26.09
- RO.5<dY  4ps0 0. 5Y
Mo. OF .
| PTS IDENTIFICATION SLOPE Y—INTERCEPT AVG, DEV,
i b2
2083 1.5013051E-82 . 52799043 4.p5321 745.{p2
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6.
2/16 & )
. Initital
C. Static Testing (cont'qd) Time
' znd Date
4. Establish rated coolant flow 2nd repeat Item C3. Be
sure zero prassure output has stablized before proceeding.
Seat transducer diaphragm. Computing identification 2 0© i'ﬁ .
Ascending Qut- Appli léd Déscending Out-
put Voltage . Pressure put Voltage
(mV) (psig) (mV) (2.3>
- f2 : A1 e gy
: n 9/ L&D /‘ ? /
3.4 2 543
£.4°9 ) 1 < 4
72.9¢ i $20 o| __2.76
P4° :?’, Gos § 748
[0.,8C ‘é} Y0 &" ({0
[23F% o 5 o L %e4s
[(3.90 2 900 ___ Z| __74.00
15740 E 1600 5| _(5.5°%
[6.5°F 3 weo __ §| __ 1207
[£9.26 /300 200
2¢409 (400 215”9
-.7,27.9 4 /{00 l 3:@
2440 /€00 249
25.9< _J200 26,00
27492 ¢ foo 12,44
2¢-.94 (300 2§.98
3'0 C‘t é 60T 3‘ ) ? L
0., @F PTS, IDENTIFICATION SLOPE Y-INTERCEPT AVG, DEV
1_1 208k 1.50198p5E-02 42186147 4.3094578EF02
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a-11

7.
Initial -
C. Static Testing (cont'q) Time
and Dzte
"5. Duplicate Item C4 to determine repeatability. Seat transducer
diaphragm. Computing ldentification 2.0¥-S" .
Ascending Out- Applied Descending Out- 7‘.T—C(/
put Voitage Pressure put Voltage /00 M
(psig) (mV)
74 0 R ' L/O
1.9 /po /- 93
341 200 3.y
d. 22 300 4(9[?
Lyl Y00 ! 64%
2. ?l ° Soe2  © 298
1.9 5 loo 959
/0 -5 8 100 g [1.00
/] 2-38 < o0 O / 2. (’
[=. %7 g 900 = (4.01
/S 3% E Joce 5 /5.5 2
[ - 8T 2 /413 g [7:-0]
1%. 40 ‘ /200 [¥F-§ 2
17 -To /300 20.0(
2/-46 : 40 2/, 99
2239 /500 22.9%9
2K 4o 14 %0 1 Y. 48
2<.29 L7% 2829
272.2% ($02 2?2. 9
23+ Q2. 1900 _28.95
20-4Y3 2o0® 30.43
NO. OF PTS, IDENTIFICATION SLOPE Y-INTERCEPT AVG, DEV,
Th2 2085 1.4986298E-02 . 4458L4] 5

¢

6.986381 lf—@z



D. Dynamic Tosting (cont'd)

Initial’
Time
and Date

2.

Shock Tube Testing

a. Instail the transducer in accordance with instructions dated
2 June 1964 for coolant flow and static testing.

Transducer Location&wd ~$#. Diaphragn Position £/lesh

b. Establish coolant flow through the transducer and allow
adequate warm-up time.

c. Insert a burst disc in the shock tube and proceed
according to Instructions dated 5 Jjune 1964,
Test Gas __ W s Test Pressure___4.4%  psia
Driver Gas_jM e Burst Disk size_&wow psi

d. Photograph the oscilloscope display with the Polaroid camera
and record the following information

?/1‘ b}

Date Time Picture Vert. Horiz. Test Burst
No. Sens, Sens. Section |Pressure
Pressure | psila
psia
§lre fLy ! 2ami/e -~ 5o?/g'/c» £.45” £Z0
&l=164 2 2l [ 20 M fr b-45~ 28

e. Insert g inch thick steel plate between tube flanges ahead of
transducer and repeat item d.

7

Date Time Picture Vert. Horiz. Test Burst
No.. . Sens. Sens. Section }Pressure
. Pressure | psia
: psia
£/ev/ty 2 SV | SONn s §=25~
/oLy 4 3 Ve [20%sf | 4-45 {30

Other Data:




Picture No. l

Vert. Sems. l____éﬁa:.,m_

Sweep Rate 5’0/‘{5/&——-

Rise Time

Nat'l Freq. % 2.5 VO @»}%
.

-

Picture Ilo.

Vert. Sems. L%VT/&-“.

Sweep Rate 10/%7/&“

Rise Time

Nat'l Freq.

Picture N-:-.

Vert. Sens.

Sweep Rate

Rise Time

Nat'l Freq.




Picture No. 3

Vert. Sems. 2 'Mvje,‘ﬁ.
7

Sweep Rate ,57)/(5/&—*'

Picture lo. 4

Vert. Sens. L-“\V'/Q..—_

Sweep Rate Qg /qS/u‘_

Rise Time

Nat'l Freq.
( B lantoad ol M’“”"j
G datz of phelo- # 2)

Picture N:.

Vert. Sens.

Sweep Rate

Rise Time

Nat'l Fregq.




" A-15
i0.

D. Dynamic Testing {(cont'd)

Initial
Time
and Date

3., Sinusoidal Pressure Generator

Install the tfransducer in the generator chamber. Establish

.

a‘
coolant flow and aliow adequate warm up time.
Chamber p-essure 23s ‘d’
Diaphragm position fluvss
b. At each excitation frequency record output level for each

channel as indicated on the volt meter.

frequency Monitor Qutput Test Output
(keps) mv mv
.4 250 >
/ 4 o 29
pxs ® oo E;,:flﬁ
2 220 27
3 / 55 L&, 5
Y / 30 /5
S 0T 123
/ 57 /)
7 25 9.3
¥ £4q P2
4 (o 7,5
/o _fé_c_‘ ét%
12 3 7. ¢
/4 #s” £.6
/6 J 6 .5
yis 34 7,2
Jo 25,5 P
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.
A-17

. Initial
E. Heat Transfer Testing Time
e— =i == w
I. Open Flame Test 97}1
. ) (¢
a. Install transducer in test apparatus and proceed according
to instructions dated - J/é
Dlaphragm position £l usl . & ke
b. Check coolant supply level,
c. Ice cold junctions and check instrumentation.
d., Establish coolant flow and allow adequate warm—up time,
e. Prescribed operation conditions:
Avg. coolant pressure, py= /7(psig. AT instrument
range O.
<142°
Transducer body temp. 3 mv, Transducer position, D g in,
S‘
Approximate heat flux :22 BTU/in?sec
‘Ox gas 3¢ CfH, _4 O psig  Fuel gas 30 cri _[O psig
f.  Get data points | and 2 below. Ignite torch and compiete
test. j
N, B, Hold coolant pressure throughout test.
Date Coolant Transducer Output
Point Flow Tin mv " 2ero
cps . mv Shidt
' 1
Coolant oft | 0.8 0.40
L2 Ocs ] ﬁ
Coolant on (2.6 2 |6/A 2 -2
3 0ed | NP76%
Heat on 12/. & 2=z 10.32 L7 | 4
" -
Both off o | o% |0.60
T 7z *
Note: Attach AT trace to this form = $7°
/l}’ 8 5 e,
Cor Lot T, Mise= 3-,LF/BZ:0/44‘ 240,




‘A-18
12.

E.

Heat Transter TJesting

Flame Test

Install transducer intest apparatus.
Diaphragm position

F/usly .

X7t

o€y

Initial
Time
and Date

b. Check coolant supply level.
c. 1Ice cold junctions and check instrumentation.
d. Establish coolant flow and allow adequate warm-up time.
e. Prescribed operation conditions:

Avg. coolant pressure, p = 175 475 psig. AT instrument range 008,

= 162 3/

Transducer body temp. 2 | 2 ‘mv. Transducer position, D 4 in.

Approximate heat flux F 3BTU/in sec

Ox gas BS~ CFH, 4 psig Fuel gas 65_ cFH 12 psig
f. Get data points | and 2 below. Ignite forch and complete

test. N.B. Hold coolant pressure throughout test.

Date Coolant Transducer Output

Point Fé;: T’%C mv z P

( ¥ o
Coolant off ° o 0:60

2 ?</7,
Coolant on (20, 4 0.5 o042 ..|7,M |V

3 0 ’

. - . -2

Heat on ,Z'ly OI? l‘.}%y’la {y

7 -
Both off o o0 ¥ 6.60

- o=

Note: Attach AT trace fo this form AT = 8.7%

Coslond Tomp Nl =314 f/an/w% ’

M%W 7. L"h‘d/c‘&_‘

4

2,52 BK/ Lo




PRINCETON UNIVERSITY

DEPARTMENT OF AEROSPACE AND MECHANICAL SCIENCES
GUGGENHEIM LABORATORIES FOR THE AEROSPACE PrROPULSION SCIENCES

FORM NO, 93e

JP-24 LARORATORY EVALUATION PROCEDURE FOR CURRENT WATER~COOLED FLUSH DIAPHRAGM

TRANSIENT PRESSURE TRANSDUCERS

A-19

Type of Transducer: _fFgur —Armw iEZLQL*’l Gaq-€

Manufacturer: Dy 5'c_o

Other Data: é'ggﬁlb ﬁagﬁo}ﬁ (_:“33.031 '\Jg ’ o fmﬂ'.dq’tﬂ* JAC’JY.

Model: PT13 Q9= LM serial: 2274 1

~ M /4

P

Requesied by:

Approved by: W ‘

™

Conductied by:?_s_“’z ’ Z’d: ;ﬂ'z

AR T )
é{ﬁﬁ?-éar

Date Stop: é"l s —£S”

Date Start:
Initial
A. Inspection Time
Date
. i . A
1. 1Inspect transducer, especially for f{laws or damage with a . [
stereo-microscope and 2Zyglo as necessary, noting cracks, dents,
imperfect welds, etc. (Attached photos or sketches as reguired).
6~17-6J5

t
MM&.LM:}M:
1
Macbiae dool marks g1 disphrgge

2. Measu.-e transducer for compliance with outline drawing. Note
deviations:

-
. . . 67— 60
l LaSeons p 4 .

3. Measure leakase resistance from all active pins to ground 9’. ’
using the volt-ohmvst. Leakage resistance = a> _
megohm. ("/ 7-6>

4, For strain gage tvpe transducers, wmeasure resistances using the 3 / ’
Wheatstone bridge, ¢ -

-7~ 69
Input resistance = 3 (2 ohms. ‘
Output resistance = 330 ohms .




A<20

2,
Inicdal
B. _Coolant Testinz - Time
’ : : Date
1. Iastall transducer in static test .yatemin accordance with -
. instructions dated 7 June '64-for coqlant flow tests and
static pressure calibrations. Use p- T fictinge,
coolant ialet filter, coolant outlet sight-;lass, and-selected
gsaskets, -
N,B, These fittin7s are to remain on transducer throughout
- ™ the evaluation. Connect transucer ¢o instruments and
auxiliary equipment. Follow manufacturer's procedures’
for che adjusunent of auxiliary equipment and.allow
recommended warm-up time. - 7
Ttamducer gasket M__ Adapter gasket El“leﬁ_
Ap- AT Set No. lﬂ Max. Torque 409 in. lb.‘
Toryue, in. 1b. 0 |/e° . L
Output, mv e7sl-6sl [ . A L=17-65|
Auxiliary eqhiment, Serial No(s) and control settinus
2. Attach coolant and iastirumentatiou lines for coolant flow rate = 7
vs pressure drop Lest at rated average coolant pressure of /'
: psig. . , 3
Flow Meter Serial No. Eg §o. 3 . Flow Meter Constant /093
| | b-77-65
P P AP ‘ ~ ] Transdu-zer Coolant
in | "out | 7, | Coolant Flow ] Outpuc Temperature
psig| psig | "in" out cps | pps mv psig | % |
ol o[ o o | o |tese] o [oms] 27 |
4e0| 50 | 350 | £99 lot2g|-004]| 29 w | e M...m&.w
380] 20 | 8)0 | 84/ |07 |-003]| 245! s “
3Q 90 g 7 o 7'.‘ o‘,lf ‘o L “. o
_340 /0 |23 6 Z.7 0458 S KL o o’
13201301192 | és5.3]e -002| 26 | o
o 1 o | o 0 0 |tesa| © e | o
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- e
B. Coolant Testing
5. .Repeat item 3. -
P Ar Transducer Coolant
in out | 5 _ Coolant  Flow Ouiputi Temperatuge
psi; | psig in out cps pPps mv psig | mv F
0 0 0 0 0
0 0 0 0 0
0. Disconnect signal lead and repeat item A3. Leakaze :}—f;n‘
resistance - -] . -
— 6-17-65
7. Connect signal lead and leave transducer energized. Report

coolant test data.

8. Tag transducer ior coolani conditions as follous:

a.
b.
c.
d,
e.

N.B.

Inlet Pressure 390 psiz.

Outlet Pressure

690 _

Averase Coolant Pressure
Coolaut Flowrate '0£§ 1b./sec.

Inlet tube as determined by items B2 and B4.

psiz.

225 psiz.

All testis. iuless specifically directed otherwise, is
to be carried out under the above conditions until the
transducer is re-evaluated.

b1 7-65

9. With coolant flowing observe zero reading during a one hour
Report any significant shift

period at >-minute intervals,

in zero.

Time Output Time Output Time Output

of day mv of day mv of day mv
lo.15 | 4o.68 10146 | 40.6% 1$:00 l10.67
_ b 0.66

x4 0-67 (X}

o . X o

1N’ Y -



5.
— - REnitial
€. Static Testing Time
BndDi:?
_ | oA
1. Completely purge coolant passages of water with dry niltrogen N d
gas from static test panel at 20 psig max., Leave coolant llnes V-2t~
disconnected,
2. Apply 207070 psig to transducer. Insert on appropriate
voltage divider to bring output on the calibrator scale.
Divider ratio = — . Release applied pressure.
"3, Apply pressure in _ (U ; psl steps 1QZ0¥¥psig and return
in equal steps to zero pressure. o J M
Care must be taken to approact each pressure in the partic- AR
ular direction of travel to avold any masking of hystereslis )
or other effects. [—- &I'C;)/
Computing Identification /2// . .
Ascending' Applied Descending
Pressure Output Pressure Pressure output
(mv) (psig) (mv)
2,72 /20 2,66
420 240 24, 6.5
674 300 | LES
£7Z e ) t N A Y4
/2.6 4 g 600 § 1263
/46t a yla e (45 F
o -
(6558 & g oo o (65€
(562 o 900 2 /5¢2
2075 T 4000 J: 2059
2257 g /(U0 @ 22,56
2455 < 1200 8 24.53
2 ¢£5 6 l /300 2652
2858 [q g0 2p,52
30,49 1520 3055
22,04 /600 32.51
34498 17209 34.35¢
36,576 [/ &av J6-48
3£497 VA K] 38,49
40,49 9 2 090 90,4%
f!v..l;gTs. 10 CsLopE © Y-INTERCEPT AVE. DEV,
é t 1211 « 710549783E+00 «36514836E-01

«19882597F-01
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6.
V Tnitital]
C. Static Testing (cont'd) Time
. o : : - _ and Date
4. Estabiish rated coolant flow and repeat Item C3. Hake certain \J M
that zero pressure output has stablized before proceeding. ¢ *
Seat transducer diaphragm. Computing identitication /2 /2 .
Ascending Out- Applied Descending Out- |6 -2/
put Volitage Pressure put Voltage
(mV) (psig) {(mV)
+oo& 0 40,0/ |
2,/2 ylsi 2.0
4/0 2779 4.03
6/2 oo .08
£70 400 1 Fgoz
(905 o o 1003
/203 5 WAL 2 1%/
/4.9 3 o 290 ' 1375 .
(556 &__ v - (525 \
1£09 £ 902 = (297
/99¢ }:; 7 adl o 1995
2/92 a__ yeov § 2/73
1352 ‘ R 24 | | 2393
2593 1300 2572
2279 2408 2279
1989 1500 . 2990
3487 1600 3L E8F
33,846 1200 33589
3583 [Fov 3585
Jdz&3 /900 39,84
3irs 2ov? 3285
.pTS. n SLOPE " Y-INTERCEPT  AVE. DEV.

42 1212 «19873701E-01 «R4632034E-01 «25354627F-01
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1213

«19876493E-01

+5R9826R3E-01

7.
Inttial -
C., Static Testing (cont'd) Time
and Date
‘5. Duplicate Item C4 to determine repeatabiiity. Seat transducer \‘( ”\
diaphragm., Computing identification /2 /3 .
, ,é,z/«(‘f
Ascending Out- Applied Descending Qut-
put Voltage Pressure put Voltage
(psig) (mV)
42.02! . o 200
L,06 V YA X/ 203
4.09 202 4.0/
695 3o 603
£.04 400 1 Pog
/100 3 o e o 10.0/
(29/ 5 Xa) @ 120/
1395 o yAa:) £ (3227
[g;?Q’ :; _Fuvo of (5.24
. 1,94 £ Fvo = 129¢
/1992 g XA § /9.24
2,89 2 " v & 287
2390 ‘ {200 e 23372
25857 130D 2590
2755 15”00 2390
3/[%4 /699 3,87
33%3 1700 3354
EXR 2 A 35FS
_I2.p2 & K —_—328s
37#&#2 2079 3282
N SLOPE Y-INTERCEPT AVE. DEV.

e 2126924K8E-01 -~
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9.
- T ’ : Initial’
D. Dynamic Jesting (cont'd) Tine
‘ Co e and Date
2. Shock Tube Testing é/Z}/‘f
a. Install the transducer in accordance with instructions dated
2 June 1964 for coolant flow and static testing. FS,
Transducer Location&ad HapuDiaphragm Position _£lus b
b. Estabiish cooiant fiow thirough the transducer and allow 475%/237
- adeguotc warm-up time, —
S ¢+ £S.
¢. Insert a burst disc in the shock tube and proceed éyé%A?s,
according to iastructions dated 5 June 1964,
Test Gas 3 Test Pressure &* 3 psia /357
Driver Gas He Bu-st Disk size _4—e€0 __ psi Ras
d. Photograph the oscilloscope display with the Polaroid camerz €?£§4ZS’
and record the following information
Date Time Picture Vert, Horiz. Test Burst FS

No. Sens. Sens, Section Pressure
Pressure psia

—— si
[ e "R soMe | "c'g | st |
‘2.‘ ¢ [0 ‘- _Ql 4 S 20

é'/ li/b‘

transducer and repeat item d.

Date Time Picture vert. Horiz. Test Burst

e. Insert g inch thick steel plate between tube flanges ahead of (/ >
-
72r/es
No.. ... Sens. Sens. Section Pressure /;:S:;

-

Pressure | psia.
psia :

4/25’/69/ 3 zn\\."‘;gﬁ ?kd/%L& 69 V515
o 1- <G $e (O e £- “ Seo |

Other Data:




vpnamic Tests in Shock Tube

Picture No. I

Vert. Sems. 2.5_"‘9'/0‘—\.

Sweep Rate _\_SO/‘!.S/CA_‘_

Rise Time

i v~

Nat'l Freq.""ﬁg“7\,o c -

X

Vert. Sens. _&:J_ ”‘\.VIc«-s..

Picture No.

Sweep Rate g0 As /‘*'——

Rise Time

Nat'l Fregq.

(_(3§Q~ui\ SS\\bi'\

Picture N-.

Vert. Sens.

Sweep Rate

Rise Time

Nat'l Freq.
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Picture No. 2

Vert. Sems. Z&.% ’"'U/’-‘-—

Sweep Rate __ /0 /73/e-_._

Rise Time —= 4 Afs

Nat'1l Freq.

Picture No. ‘Q

Vert. Sens. Z«)”“zV/Qk-_

Sweep Rate /0/‘{51“‘-

Rise Time

Nat'l Fregq.

(8lauwr Shot)

Picture N-.

Vert. Sens.

Sweep Rate

Rise Time

Nat'l Freq.




Sinusoidal Pressure Geratr

D. ¢ Testi cont'd

a. Instgll the tramsducer in the gemerator chamber. Establish
coolant flow and allow adequate warm up time. é"’M’éJﬁ
Plenim Pressure[030psig Chamber Pressure 2.5 O psig
Test Gas ﬂé([gﬂ Diaphragm Pcsition F/a}é —

b. At 1000 eps, check peak to peak chamber pressure from cut- %' A
put ¢f monitor transducer. and average chamber pressure '
from both test and mopitor transducers. S s X

vy

P, test29 @ psig P_,Mon, 250 psig rk-pk _£%2 psigp -

c. At each excitation fraquency record outpui:’ level for each

channel as indicated n the volt meter.

Frequency YMonitcr Output Test OQutput
(kep:s) mv mv
Py 7?” 75 2
/ £300 KN A
/If 4250 450
2 36450 350
3 2400 250
4 [95 0 4825
5 /6420 A 7.y
b /3> 0D /25
7 /775" /125
3 (00 /a5
7 225" ?8

£ 25 > 7

™
S

=95 %

Teod avplfbels,

M enele, Charge

uﬂ = 6‘01040'/&7&‘
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E. Heat Transfer Testing

—— m===:=#é‘:%

Open Flame Test

3.

Install transducer in test apparatus and proceed according
[

to instructions dated / ’
Diaphragm position _K&qu

Check coolant supply level.

Ice coid junctions and check instrumentation,

Estat lish coolant flow and allow adequate warm—up time,

Prescribed operation conditions:

L7 iistoawsl coage _ 014 mv.

Transducer !ody temp. ;éLjﬁ mv, Transducer posifioa, t;;z&_in.
Appreximate heat flux 1.5 BTU/ inZsec

Ox gas _3 7 CFH, 4.0 psig Fuel gas 3 O CFH _/0O_psig

Get data points | and 2 below.
tTest. :
N, B, Hold cocolant pressure throughout test,

Ignite torch and complete

Data Coolant Transducer Output
Point Flow Tin
€ps mv mv _psi
! N
Coolant oft - 0,59
2 é-—&)“"—éﬂ
Coolant on 82,7 o.7 ——0;[’/ —/3'5'- .
3 -
Heat on £25 | 0.7 — (53 | -3}
. -
Both off ~0:,60

- 4

|
Q\Q

te: Attack AT trace to this form

— 48

é'_Z/'f:::_

1¢3

‘T

2.4 b
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Initial
£. Heat Transrer Testing Time

and Date

2. Open Fl;ame Test 9/1/

‘.,

a. Instatl fransducer intest zpparatus.

Diaphragm posi+tion {C.Recesgad ﬁff hé’-&) 4

b. Check coolant supply level.

(8]

Ice ¢cold juactions and check instrumentation.

d. Establish cooiant fiow and aiisw adequate warm-up time.

e. Prescribed operation conditions:

A T iuscrument ron 0.4 mv.
Trauscwne:r vudy Lomr. ,3,‘ uv. Transduesr pesitin, D B/ﬁ ir

Approximate heat flux _3__ ETU/in%sec

Ox gas _ 92 cru, 40 psig Fuel gas_ O CFH _ 4 O psig

f. Get date points | and 2 below. 1.,nite torch and complete
test. HN.B. Hold coolant pressure throughout test.

Data Coolant Transducer QOutput
Point Flow Tin [
cps mv mv psi
l .
Coolant off -0.,60 %{W/
2 ' _ /{
Coolant on P 2.4 0 7 -0 ,8 (A -7/ %3 A—-Z) /é.)
3
Heat on &Z‘Lf 0.7 -*/:5'2— "4?
4
Both off -0.69
Note: Attach AT trace to this form Z - 1.6 3

éf- 4 - 2.96

————

¢ " /.63
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PRINCETON UNIVERSITY

DeraRTMENT OF AEROSPACE AND MECHANICAL Sciences
GUGGENHTIM LLABORATORIES FOR THE ARROSPACE Prorursion Sciu~crs

FORM NO, 93e

JP-24 LARORATORY EVALUATION PROCEDURE FOR CURRENT WATER-COOLED FLUS!H DIAPHRAGM

ettt
————

TRANSIENT PRESSURE TRANSDUCERS

Type of Transducer: “/éf[ﬂ-b Ka/d Hm. atur® @ggrlz 11 Owal! PeSS9se Aigfﬁr
Manufacturer: __A‘JLQJ.&_Q_:.MLCM“"“I‘ HBREX~1 Serial: SH g0/

¢
Other Data: <!g ‘E } i gg,:é #ﬁélﬂ? ) éi F#
. N ) e .4 Sa
Requested by: };’\8 cC Conducted by: ;:/‘ d (,) ﬂla

Approved by: %o ;; : .
\—
Date Start: -2 — 4% Date Stop: 6"30"“

_ Initial
A. Inspection Time
_— Date
1. Inspect transducer, especially for flaws or damage with a 4—2‘,’,‘{

sterco-microscope and Zyglo as nccessary, noting cracks, dents,
imperfect welds, etc. (Attached photos or skctches as required).

7
i!fgﬁﬁ ,beu;{— qgl dqw ead. }/’

2. Measure transducer for compliance with outliuc drawing. Note
deviations: 0

{-¢5 -5

3. Measure leakaye resigtance from all active pins to ground
V4

using the volt-ohmyst.. leakage resistance = o .

megobm. 64079€ Decay = IVOI‘/,ZIO wia @F 72V [M____-

4. For strain gage type transducers, measure resistances using the
Wheatstone bridge.

Input resiatance = - ohms.

Output resistance = ohms.
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2.

Initial

B. Coolant Testing Time
Date

e —

l. 1Install transducer in static test system in accordance with
instructions dated 2 June '64 for cogqlant flow tests and
static pressure calibrations. Use 2&p- T fittings, .
coolant inlet filter, coolant outlet sight-zlass, and selected

gaskets.

N.D. These fittings are to remain on tranmsducer throughout
the evaluation. Connect transducer to instruments and
auxiliary equipment. Follow manufacturer's procedures
for the adjustment of auxiliary equipment and allow

recommended warm-up time.
Transducer gasket Te.[/pn Adapter gasket /:/e,(p/q///é

Ap— AT Set No. —— Max. Torque 6 o in. 1b.

Torque, in. lb, 0 {0]20] 30j490 |50 6070 |Fo |90
Ouiput, -mw \f 073 L 073

A

Auxiliary equipment, Serial No(s) and control settinﬂ ‘

HisHew C4a Admp. Mol 566 S 906. Sedf """”/hl

Emg“ﬁ Agpl,g{ Rosearck Q,,,,g,( Volds of ggdglcs—fi.l
SN 905, Set Audd

2. ttach coolant and instrumentation lines for coolant flow rate
vsN\Rressure drop test at rated average coolant pressure of

psig.
Flow Meter rial No. . Flow Meter Constant
P P [SP ‘ Transducgr oolant
in out | 5 Coola Flow Output Temperature
psig| psig in out cps mv ig | mv °F
.y
0 0 0 0 0 —
v / \\
A,///i/,//’ ‘\\\\%{\\\‘
N
A ~
/ ’
//
/ ]
o | o 0 0 0
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5.
- [nitial
€. Static Testing Time
pndDate
— = T——
" 1. Completely purge coolant passages of water with dry nlfrbgen ~ 4
gas from static test panel at 20 psig max. Leave coolant lines .
disconnected,
2. Apply 2000 psig to transducer. Insert on appropriate
voltage divider to bring output on the callbrator scale.
Divider ratio = __pN) o™ € . Release applied pressure.
" 3. Apply pressure in psi steps to___psig and return
i~ In equal steps to zero pressura.
Care must be taken to approact each pressure in the partic-
ular direction of travel to avold any masking of hysteresis
ar other eftects.
Computing identification oor/ . o
Ascending’ Applied Descending
Pressure Qutput Pressure Pressure output
(mv) (psig) (mv)
640 /o0 _ . 59/
[, 20 134 1/ 6
[ 27 302 /.75
2.34 A | T 231
2:. 59 S Jvo é LJJ’?
.44 £ 60 5 3449
3.2¢8 ﬁjtfﬂ a 3.22
| 9
£52 & v o 457
506 o 9 JU g 504
3,6/ ® (00D - J57
Gr 4 g 113 g 6/4
.20 < (909w /190 8 663
7223 ‘ / du0 7225
g3z ¢ SVD F32
£.£27 Lé0ov 587
g.4/ /790 942
995 / £0O 10090
/050 /900 /10590
14/ 0 2.0vv /o .
o”4&sxw ( - ) 1,097 &
( SXio 3V b
NO.PTS. - ID SLOPE Y-INTERCEPT AVE. DEV.
42 11 «548488B11E-02 «10717456E+00 «26367367E-01




Lisd 3405504y Pa1|dd vy

0% 009/ 00p/ ) 093! 00g/ 00@ 209 00k 00%
M‘h : I«o.fl’“ RN NEEES NS W\ T RS R : ‘ - v .

LA

«
iw;z&:rnjl, o

A-37

'
11

i
2.1

e.

O

- ._",LT_'___ e St

andppry AP0 P Supdy

Q©

i
: _ i I
| , ] ; ; P | I
SR SN S T L } — S S
& - } . * i N ! .
! . i w ,
!
‘,

|
4

S t/9o4

I
i

i

3
i
!

t
N
i

1

i

1

i
3
i

f

]

- ..1‘_.-_*, “'-7'”‘;_ N S

PICI ST [N S S

3

s NN
‘ I A SR UL S OO UNUAR OO IO N S SO S I L
Pl | TV o pe A s T
> U + . . ! ! M
] L W S R T
EARE o e 1= e Louad R B —k
e e m ! .. 8
, o ] r ! .
, -] N U O N U SO S
,,,,,, T 0 SN SN N
....... _m | | m i
A : SE EES SRS S A NN IS SO DU
2 5 . SSTRY PORH Jesd “ n M ”




9.
e ' . Initial’
D. pynamic Jesting (cont'd) Time
< - ' and Date
2. Shock Tube Testing 6-2745

a. Instail the trensducer in accordance with instructions dated q“y
2 June 1964 for coolant flow and static testing. ’

Transducer Locaﬂon__&g.,gl__ Dlaphragm Position é/%é

b. Establish coolant flow through the fransducer and allow

adequate warm-up time,
c. Insert a burst disc in the shock tube and proceed
according to'instructions dated 5 June 1964.
Test Gas - Test Pressure_ = 6r3 psia
Driver Gas MNa Burst Disk slze= s=0o psl
d. Photograph the oscilloscope display with the Polarold cemera 4{-'27“0
and record the following information
‘Date Time Picture Vert, Horiz. Test Burst m
No. Sens. Sens, Section |Pressure| '
: Pressure | psla
_ ~V psia
L-29-68 / 555 7|85 /o, é SI4 BLS)
Y 2 ’e ’” ‘ i S 3 M/
L v 3 . . 100 €. 3 S” 45 (Pre B/_ﬂ‘l)
_— 4 it -’ 6:0 | 5 39(fe Bleed]
. s | - .- 4> |says (Blak)
"“. e. Insert f Inch thick steel plate between tube flanges shead of D
transducer and repeat Item d. s
Date Time Picture Vert, Horiz., Test Burst . «

No.... .} Sens, Sens. Section |]Pressure
e . Prefgure psia.

Other Data:

_a@wdmmﬁm




Dynamic Tests in Shock Tube

Picture No. /

Vert. Sems. 5155 Yoo
Sweep Rate AV E .
Rise Time —t Jﬂé/? S

Nat'l Freq.

N \
(e Bleed )

Picturz No. 21

Vert. Sens. _ S 95 5 ¢/ /e, _

Sweep Rate _ 5 0 _~95/c
Rise Time ( Aeeeleredosr Tedt)

Nat'l Freq.

Picture Nc.

Vert. Sens.

Sweep Rate

Rise Time

Nat'l Freq.




Dynamic Tests in Shock Tube

Picture No. 3

Vert. Sems. J 35 %12 /e,

Sweep Rate /0"0/95/&—»

J
|
|
|
|
Rise Time —= o245 l
\
|
|
|

o~ o

Nat'l Freq. — 3 34O %..

v

(Ne ge B,ee:.l,,’

Picture No. Z

Vert. Semns. _ S5 55 ™ /e _

Sweep Rate /0“0/45/6«-‘.
Rise Time —w & 273
Nat'l Freq. == 5§ 7S CAd

(He Bleed )

Picture Nc. S

Vert. Sems. __ 4" S 1”“"/&-—...

Sweep Rate /0‘0/45/&._\__,

Rise Time (f coluodey Zew)

Nat'l Freq.




D. Dynamic Testing (cont'd)

Initial
Time

3.

Sinusoidal Pressure Generator

a.

— —

InstallA the tramsducer in the generator chawmber. Establish
coolant flow and allow adequate warm up time.

Plenim Pressure /030_9_812; Chamber Pressure 24590 psig

Test Gas &g[‘uhf Diaphragm Position f[ush

oo

e
L4

6-30 45

_from both test and stmitor transducers.

At 1000 cps, check peak to peak chamber pressure from out-
put of monitor transducer. and average chamber pressure

P, test2 50 paig P_,Mon, 2,570 psig pk-pk._/97 psig

At each excitation frequency record output lefrel for each
channel as indicated rn the volt meter.

Frequency Monitor Output Test Output
(keps) ov mv
O, 75 0© 7350
/,0 J 200 S 200
1.5 R 720w 4250
70 1. 3w 3 7oV
20 q 2L 2.0 : . 2920
40 | /e - 2720
S [DUD 2Fv
6.0 in’ 340V
7.0 [ OvV 9§10
£9 / ov D 4 v
9,0 .. 935 28579
/0.0 _ 1. g0 /1795

7, < /0‘7/‘:) J‘/M

74|

4 50451
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A-43
PRINCETON UNIVERSITY

DerarTMENT OF APROSPACE AND MEcHANICAL Sciences
GUuGGEN1tFIM LABORATORIES FOR THE ArrosPAce Proruision Sciencres

FORM NO, 93e

JP-24 LABORATORY EVALUATION PROCEDURE FOR CURRENT WATER-COOLED FLUSH DIAPIRAGM

TRANSIENT PRESSURE TRANSDUCERS

Type of Transducer: _J7 €zoefectric, Mivisgdure Ruarviz

Mamufacturer: Kustler Tustruco et Ca Model: & /6 K Serial: /9

Other Data: 0 < S/42 /7496
—_— . = AN.D
Requesicd by: Conducted by: f;& ¢ DK -
. MK 74
Approved by:
Date Start: éé f//g’ Date Stop: é/34/l>/
Initial
A. Inspection : Time
' Date
. . A,
1. Inspect transducer, especially for (laws o1 damage with a .

stereo-microscope and Zyglo as necessary, noting cracks, dents, -4
imperfect welds, etc. (Attached photos or skctches as required). {"};’ o

”s .
2. Measure tiansducer for compliance with ouiline drawing. Note 2/. '

deviations:
{-2FE&

-7

3. Measure leakaye resistance from all aciive pins to ground 2/ .
using the volt~ohm:st. Leaka:;e resistance = o> P ’0-
megohm. d

Clerge Detay @ /5oy t9put = [ 6V /%0

4. For strain gage type transducers, mcasure resistances using the
Wheatstone bridge,

Input resistance = : ohms.

‘
Output resistance = ohms.
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2,

T
N 13

o
B. Coolant Testing

1.

———

Install traasducer in static test system in accordance with
instructions dated 2 June '64 for coqlant flow tests and
static pressure calibrations. Use 2&p- T fittings,
coclant inlet filter, coolant outlet sight-zlass, and selected
vaskets.

N.B. These fittinis are to remain on transducer throughout

the evaluation. Connect transducer to instruments and
auxiliary equipment. Follow manufacturer’s procedures
for the adjustment of auxiliary equipment and allow
recommended warm-up time.

Transducer gasket 4122 ey Adapter gasket F/CJC; k///é_
Ap- AT set wo. /4

Torque, in. 1b,
Ouiput, mv

Max. Torque /00 in, 1b.

Py

Auxiiiary equipment, Serial No(s) and control settings
N e ) J oo

PAR model €S —3.i o,;‘ Aol Vs [fueder Sn 905 Setond

Date

L~ 25 I~

aé
et

Initi al
Time

7e b

L4

Attach coolant and instrumentation lines for coolant flow rate
vs pressure drop test at rated average coolant pressure of

/400 psig.
Flow Meter Serial No. '342 -3 . Flow Meter Constant /7O097 B

in
psig

Coolant
Temperature
mv 3

Transducer
Output
mv

Ar

P.
in

Coolant Flow
cps PPS

out
psig

out psig

0 0 0 . 7éf 2. 85| 27

[/r?

2oo | 2600 1023%| .920 . “

075

9e5 ’r or

/5”0 2333 10,2135 .92

1050

oy ’

9579 /U /795 2 10176% | 1974

/0251

rFrd
‘s

925 S92 | /43.610)313|.928

A —iréf




B.

Coolant Testing

Initial
Time
Date

Transducer Coolant
-P Coolant Flow Output Temperature
psig | psig | inN\out cps pps mv E mv oF
0 0 0 KN O 0 e
L7
N

.

/

i

~

o~

N

4, Reverse coolant flow
Repeat item 2.

by changing Z&p- ZXT fittings at transducer.)

P P Z&P Transducer Coolant
in out | . p Coolant Flow Output Temperatuge
psig | psig in “out cps PPS mv psig mv F
0 0 0 0 0
(025 | G725 50 | /143"
10751925 r579 | 233.4
0 0 0 0 0

[-25-67

0/,, Charge
o Flew)
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B. Coolant Testing

5. epeat item 3.
P\ AP Transducer Coolant
in out -P Coolant  Flow Output 'l.'etnperatué;/
psig psig 1 out cps PPS mv psig mv
0 0 0 0 0 Ppd
\\\\\\\\u/’/’/f//'
//\‘\
/ \.\
0 0 0 0 0 N\
6. Disconnect p#2nal lead and repeat item A3. Leakage \
resistan . \
7. ect signal lead and leave transducer energized. Report
coolant test data.
8. Tag transducer ior coolant conditions as follows:

a. Inlet Pressure /025y psig.

b. Outlet Pressure 270' psig.
¢. Average Coolant Pressure /4UV¥ psig.

d. Coolant Flowrated,/3/ 1b,./sec.
e. Inlet tube as determined by items B2 and B4.
N.B. All testing unless specifically directed otherwise, is

to be carried out under the above conditions until the
transducer is re-evaluated.

6-28-65"

>

9. With coolant flowing observe zero reading during a one hour
period at 5-minute intervals. Report any significant shift

6-26-6€5

in zero. 2,'/ ,
Time Output Time Output Time . Output
of day oV of day v V of day m |/
2:20 | 0,976 2,40 L/ /.00 | (w4
[ 02 13 W%
loy5 (13 145"
/. of 174 3./1s5” L1795
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5.

"€, Static Testing

= =

= Rnitial

Time

"1, Completely purge coolant passages of water with dry nitrogen
gas from static test pane! at 20 psig max., Leave coolant |ines

{— . disconnected,

BndDate

[
Y
X

2. Apply2.07T0 psig to ‘l'ransducer. Instrt on appropriate
voltage divider to bring oufpuf on the calibrator scale.

Divider raﬂo = (@4 .« Release applled pressure.

" 3. Apply pressure in _[d70 . psi steps fozowpslg and re‘turn
in equal steps to zero pressure.

P

or other effects.

Cate must be taken o approactk esch pressure In the partic- \n‘l
.ular direction of travel to avold any masking of hysteresis [v \

Computing fdentification

6/6/

Ascending( - App!ied Descending
Pressure Output Pressure Pressure ocutput
f (psig) tme(V)
"t }5 L 0 p) ?—2 /
/- 66 Vi WA
- 3 /.24
/47 3 | )45~
)67 S . .t /.65
J-&1 5 ol /- -5~
_A.o¢ £_¢ 5 s_06
2.2 w7 n 226
2-49 £ < & 247"
2-69 2_ 900 E’ 2.67
2-90 v _/%co Bl 2.5
e § oo 3 .09
. 9.32 < /2oo K- 2.29
352 ‘ /3o 2-49
L 2 72 /400 J.70
2 932 /S 9o 2 .90
41y A /€ 00 44-/o
4.3 . 100 4.30
4. 55 /Pov H,. 50
#.7¢ 77‘%Q[ .70
“- 77 =20 0o 4. 37
Nafla - Report apparent erronecus data before procoadlng with evaluation.
8 oo ps ,/,, Scws. log

sYo cA, Amp W 503 St

AVE. OF
165250362111

\ oo

L

37547612400

F

SLOP:
«20535714E-02

It
6161
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’ 6.
Tnifital
C. Static Testing (cont'q) Time
and DafeJ
4. Establish rated coolant flow and repeat Item C3. Make certain
that zero pressure output has stablized before proceeding.
Seat transducer diaphragm. Computing identification . 64 g/‘/
Ascending Out- Applled 6escendlng Out-
put Voltage Pressure put Volta //l
f_m!bﬂ/ (psiq) (a!':(v . q
0.7722 0 /.02
[./FO Y& /-2 3
/37 2 o0 /-4 3
1577 3 cv {169
1,7 9% < U0 1 /. 5
z20 . 6 U o 2,25
262 L___&ov 2 2,6¢
3,03 2 _[(avy 2 3,08
a
314 &__ /2 00 o 3.9%
386 g _sq0v = 3.59
427 2 /eum g 4.29
9.67 a_t&o 2 49.69
q4£E ‘ /9 9@ q.£7
5707 20V 5109
:‘-g_b.l’TS. ID SLOPF Y-INTERCEPT AVE. DRV,
24 6162 e 20464T49F-02 «10014558E+401 «20310096F-01
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Cc. Staotic Testing (cont'g)

Initict -
Time
and Dzte

ressmareied
——

r—— . = o 4 o e st .. - — — A+ o+ e tregn o & 2

—_

Duglicate Item C4 to determin. rupcatablility.,

Seat transducer

mngwrs.

diaphragm, Computin ntiflcoti .
phragm omputing identiflcation / -C/Zf//J
Ascending Out- Apptlied Descending Out-
putrv‘oll)‘rage P:essurc put Voltege 27/
{ {psig) (V) .
0.97°¢ 0 1.0/
WAL s / oV ; 122
(37 2o ' /42
(5E 3o £63
127 g0 1 /&3
2,20 . Y A7a) o 225
2.6/ L Foo A 265
302 w __[O0U© o 3.06
393 € 200 o 27
354 g __y4qu® = 357
426 LY Xa 8 429
AV 8_(5o 3 465
457 ‘ (2o AL
S0 2 Jo S8
I SLNPE CY=INTERCEPT RVEL DEV,
6163 e 20454749F-012 «Q93155R]1E+00 S 1000 THTYE (1)
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9.

D. Dynamic Tasting (cont'd)

Irnitial’
Time
and Date

IN.

Shock Tube Testing

‘a. Install the transducer in accordance with Instructions dated
2 June 1964 for coolant flow and static testing.

Transducer Location E3¢

Diaphragm Position éiﬁ

J
o

b. tstablish ccolant flow through the transduce- and allow
adequate warm-up time.

£d

{294

c. Insert a burst disc in the shock tube and proceed
according to instructions dated 5 June 1964.
Test Gas / 2 Test Pressure g;}JS psia

Driver Gas___4tw Bu-st Disk size _s# @ psi

d. Photograph the oscilloscope display with the Polaroid camerz
and record the following information

s Bload)

(8/eed)

Vo Bl

Date Time Picture Vert, Horiz. Test Burst
No. Sens, Sens, Section Pressure
Pressure psia
_ psia
6194 / S5 5l .., 6:3 | 597
“ 2 y 2 o SH
‘“ 3 'L /W/‘"_ I7; 6’3 o
£d 4 r 7t L4 5‘3 7

(Bleal)

e. Insert i inch thick steel plate between tube flanges ahead of
transducer and repeat item d.

Date

(8/andt]

Time Picture Vert. Horiz. Test Burst
No... Sens, Sens. Section {Pressure
: . Prg?gure psia
b-2y-4s S |smrAh /e | 63 | 537
‘e é a P MS/Q"" , 4 .t

(8/at)

Other Data:
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Dynamic Tests in Shock Tube

Picture No. /

Vert. Sems. (459 7”"“/&»«,
Sweep Rate S ONs [ta

Rise Time

Nat'l Freq. =2 Z’z?'“g-a

(No Heligwm B ieei)

Picture No. 2-

Vert. Sens. 6’5‘\‘)"’7”’/@‘—&.
Sweep Rate 5045/

Rise Time

Nat'l Fregq.

/h‘e/u)m B/ee«cé)

Picture Nc. é
Vert. Sens. 5.5 .5 7’7‘//0“*'

Sweep Rate S0 Hs /Lw:.

H-H -

Rise Time

Nat'l Freq.

(B/ask Shot)
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Dynamic Tests in Shock Tube

Picture No. 3
Vert. Sems. Jé/f"’?‘/z&——\.
Sweep Rate /d/‘/.S /G'An-u

Rise Time

Nat'l Freq.

(Vo Heliuw Bleed_‘)

Picture No. 4

Vert. Sens. 5’53’%v[c-

Sweep Rate /0 _/"S T/c—-_

Rise Time

Nat'l Freg

'C#e/@,‘ B /ecal)

-
Picture 1:. S

Vert. Sens. _§_ 8.5 -)"‘u/d\
Sweep Rate 190 /l&/‘!‘—'—

Rise Time

Nat'l Freq.

(Blasqr S4ot)




] i.nusodal Pressre Generator

a.

D. Dynamic Testimg (cont'd)

Install the tramsducer in the generator chamber.
coolant flow and allow adequate warm up time.

Plenim Pressurce la 30 psig Chamber Pressure lé o psig
Test Gas Eg_/;ugg Diaphragm Pcsition £/¢ 2_/;

Establish

At 1000 cps, choeclt peak te peak chamber pressure from cut-
put cf monitor transducer and average chamber pressure
from both test ana monitor tranasducers.

nlrenls
PEPX

22

nead o
rYe+q

— N .- - Py
Pc, test £,3 ¢“ psig P ,Mon, s« & [s5i3

At each excitaticn frequency record cutput tevel for cach

channel as indicated 'n the wvolt meter.
Frequeoncey Homicewi Cutput Test Output
(keps) mv my
0. ¢go00 S~ goo
/., 0 Y A4 4 60
/1 2400 3600
2 3 4570 2900
32 2420 2/)5°0
4 /y¥70 17269
5 /15570 /420
/A /1275 /12 7207
7 £/ 0D 1739
& 960 L0640
9 F579 920

2.5 0 &70

é-304S]

P
>
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. . PRINCETON UNIVERSITY A-58

DFEPARTMENT 07 Arrosrace axop MecnaNicar Scipncrs

Guranpsnriy Lanon ATORIFES FOR THE AEROSPACE pROPlFLS!DN SCiENCcES

FORM NO, 93e

JP-24 LABORATORY EVALUATION PROCEDURE FOR CURRENT WATER-COOLED FLUSI DIAPIIRAGM

TRANSIENT PRESSURE TRANSDUCERS

Type of Traunsducer: ﬁezo c/ec I(rtz: Quay{z Crﬂ{‘t/
Manufacturer: /fl'sf/ék £ﬂ§7‘£. 00£E, Model: 6/5 A Serial: S /& 3

Other Data:

n P -2 A
Requesied by: Conducted by: M. S/ 75«4
T-— v -
Approved by: QQ \
——s

Date Start: /2'@/"\.. /? é&ﬂ Date Stop: 27 '§u;\_. . /75&1

Initial
A. Insgpection ’ Time
Date
1. Inspect transducer, especially for f{laws or damage with a ‘7/l
stereo-microscope and Zyglo as ncoessary, noting cracks, dents, *

impertect welds, ecte. (Attached photos or sketches as required).

. s =S
Adapter £utl o oi/ /=

7
2. Measure tiansducer for compliance with outliune drawing. Note - 2, / -
deviations: -
. /14 -6o
W tq"'tt'b\ V‘G{Qraa ce.
A5,

3. Measure leakage resistance from all active pins to ground e
using the volt-ohmyst. Leakaye resisiance = (—ry %3

BN o0 v by clm_/;e 0‘&.40?gd Lo /92 Arelle 4 SPrrc.,

4. For strain gage type transducers, measurc vesistances using the
Wheatstone bridge.

Input resistance = - ohms, b N A

Output résistance = . ohms
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B. Coolant Testing

lQ

' 2.cp.4 5/ Vg[éqgg Dev o et

Install transducer in static test system in accordance with
instructions dated 2 June '64 for coqlant flow tests and
static pressure calibrations. Use ZSp- ZST fittings,
coolant inlet filter, coolant outlet sight-glass, and selected
gaskets.,

N.B.

These fittings are to remain on transducer throughout
the evaluation. Connect transducer to instruments and
auxiliary equipment., Folliow manufacturer's procedures
for the adjustment of auxiliary equipment and allow
recomended warm-up time.

Transducer gasket Ezf/‘t'ﬁ /[f‘ Adapter gasket F/e(l')‘{; //j&
Ap— AT Set No. / 2 / 0

1b. 0
104

Max. Torque in. 1b.

Torque, in, ] 00

.04 ]

Output, mv

Auxiliary equipment, Serial No(s) and control settings

5048 Chg Awmp. Sy 202

Initial
Time
Date

97

,/-415’/6J/

Attach coolant and instrumentaticn lines for coolant flow rate
vs pressure drop test at rated average coolant pressure of

/ 0U© _ psig.
Flow Meter Serial No. EU ‘34"' 8 . Flow Meter Constant 703/

ey

Coolant
Temperature
mv oF

Transducer
Flow Output

PPS mv

Coolant
cps

Pou t

psig psig

0 0 0 0

256 |.29p0 O.64 o 65| €2

0 o o) o lobd| = ‘. !

s vt

[ 84 |i765] 0464

O o o ol ot4 ey | -

(V) o (2] ©lo72 60| G0

LI ' 4

q-(Can&h#rnuuqu)

(7'i-o~.540v #z, o



4.
B. Coolant Testing
5. epeat item 3.
P\ AP Transducer Coolant
in out -p Coolant Flow Output 'l'enperatug;/
psig | psig out cps pps mv peig | mv
o | o o N o 0 //
‘\\\\\\\\ l//,!///’
A
\1\/
//\‘
\\
0 0 o |~ 0 N

~

~

6. Disconnect g#gnal lead and repeat item A3. Leakage
resistan

<

\x}

7. ect signal lead and leave transducer energized., Report
coolant test data.

8. Tag transducer for coolant conditions as follows:

a. Inlet Pressure /g 2.5 psis.

b. Outlet Pressure 2:2.2/ psig.

c. Average Coolant Pressure /0 UV psig.

d. Coolant Flowrate -[7—6 1b./sec.

e. Inlet tube as determined by items B2 and B4.

N.B. All testing unless specifically directed otherwise, is
to be carried out under the above conditions until the
transducer is re-evaluated.

9. With coolant flowing observe zero reading during a one hour e
period at 5-minute intervals., Report any significant shift /. J
in zero. //a/‘ﬁ'm(, let]c v 29y, 4, l '%L//

Time Output Time Output Time Output co

of day nv of day nv of day ov .

32y | —/. 37 3/45" | ~/4s2 405 |—/€7 Oridt
— /.49 —45% —,¢7 =.27 W/«m
— g2 A —17/ .
— I —/6 3 -~ (7Y

4
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5.

nitial
€. Static Yesting Time
pndDate
1. Completuly purge coo S5ages of water with dry nltrogen A
gas ic test panel at 20 psig max, Leave cooiant lines » DN A
isconnected,
2. Apply sz psig to transducer. Insert on appropriate ? /
voltage divider to bring output on the calibrator scale.
Divider ratio = __20V.% . Release applied pressure. /—/f{f*
3. Apply pressure in _J U0 psi steps tdZgWpsig and return /'J
. in equal steps to zero pressure,. ?
Care must be taken to approact each pressure in the partic- /73,‘{
ular direction of travel to avold any masking of hysteresis .
ar other effects.
Computing identification /€ 3 / . )
Ascending Applied Descending
Pressure Output Pressure Pressure ocutput
(mv) (psig) (mv)
L /5' 4 o‘, 0 40/7 ——dY
2.4 Yoo 226
S0 200 444
252 743 300 7./5"  7.1]
291 40 T .57
/233 s o /12-03
J4-93 1473 £__fuo 5 (446 14.53
/724 a__Too n 1 43¢
| 5
A g_Foo « /273 '
22- 1§ 2210 2 900 € /76 -375y
24.62 3 _/060 2 2993
22./¢ o_ [l v4 2 265/
959 2540 | <_fro0 3 2240 234
r=<-/0 1 /207 v /-f2
24060 /1y ¢ 36
2204 3707 400 P68 up
2755 (6 Lo 2592
__ Y202 /7 00 ¢/ 32
9¥4.52 4447 1 o¢ 9990 4.4/
YLl [%o? gf-}2
947.57 4991 2000 957 414
NO.PTS. ID SLOPE M Y-INTERCEPT AVE. DEV.
42 1631 «49561935E-02 . -.14670686E-01 «71180521FE-0°




|

NO.PTS.

6.
Tnitital]
C. Static Testing (cort'd) Time
and Date
Establish rated cbolanf flow and repeat Item C3. Make certain z_ffﬁ
that zero pressure output has stablized before proceeding. _
Seat transducer diaphragm. Computing identification_ / 2 32 . /—/f’
Ascending Out- Applled bescending Out- ’
put Voltage Pressure put Voltage
(mv) (psig) (mV)
o, 7/ 0 a.70
[:70 / UD /7,53
4,15 200 3.92
4.63 3> o0 640
9.06 7 co t 5 &S
1452 o SV 0 ez
(%95 5 62 al 1326
(635 5 20 £ [62¥
(£587 £ &7 of 2867
2/33 e 4. i 2477
238% 2 { UV s 23¢2
262¢C 5 1400 § 2605
25470 ‘ 120D 2EEL
342/ XA 34/ %
3372 1470 3364
Jez3 ‘ST 36/¢
3572 /6 0o 3&E5”
“r20 (700 Y1
43.2/ { &y 13.65_
V¢ 2/ (90 4618
47.3 8 /9497 4935
1D SLOPE . Mhﬁ&? Y-INTERCEPT AVE. DEV.
1632 «49224214€-02 T“* -+13378503E+00 «73678839F

i

1
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7.
Initiatl -
C. Static Testing (cont'q) Time
' and Date
‘5. Duplicate Item C4 to determine repeatability., Seat transducer ?f /ﬁ
diaphragm. Computing Identification T
Poceen et . /T
~Aseending Out- Apptlled Out-
put Voltage Pressure put Volitage
CGmv) (psig) (mv)
47 7% ~—— /990 [T/ 4237
va b’jé / [/ Joo <576 O
4373 /fvo < 30K
S04 7 /700 qgdE/
3g/2 /400 t 3517
35,62 /570 o 3562
[ [
33/ € 5___{(4em 2 337/
3467 b4 /300 o 30,6 4
25/¢ " /200 -l 2479
25¢ ¥ §& //00 25763
13,2/ /ovo 3 23./&
20,75 9 0D 29,02
/J" l? ‘ fvo o 6,23
5977 : 770 /7 SE?
1332 . [ %a /334
/088 S0 /272
&0 4 o 43
3798 s 3o sd/
357 20V A Y
/e 07 /U0 /12
- ~—/33 o -/ 23

NO.PTS.
42

ote!

el

1D
6133

' .48973649E-02 Pt

SLOPE M

Y-INTERCEPT
- +20869939E+00

OQ(L SVQ“tn‘_ rewge Zm‘\q 1;- 01\4.4, f‘rol-vrn

AVE. DEV.

.10296785E+?0

w
i
+
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9.
= T ' Initiat’
D. Dynamic Testing (cont'd) Time -
: and Date
2. Shock Tube Testing W
)-

Install the transducer in accordance with instructions dated
2 June 1964 for coolant flow and static testing.

Transducer Location _Emd.  Diaphragm Position Flush

b. Establish coolant flow through the transducer and ailow . I"""{
- adequate warm-up time. F ;
c. Insert a burst disc in. the shock tube and proceed Y 2

according to instructions dated 5 June 1964,
Test Gas b Test Pressure «Z_ psia ﬁg
Driver Gas He Burst Disk size ___$4p psl
d. Photograph the oscilloscope display with the Polarold camera
and record the following Information
' ‘
Date Time Picture vert, Horiz. Jest Burst | )-29Z d
No. Sens., Sens. Section {Pressure & y
Pressure | psia f
psia
/-20 451220 Soomvk . |20/ | 4.2 £20
..//C’\ "1 5‘20

Joa 6 PIY4s /0 M s/

e. Insert & inch thick steel plate between tube flanges ahead of
fransducer and repeat item d.
Date Time , Vert. Horiz, Test Burst
No.. . . Sens. aens., Section |Pressure
_ o Pressure | psia.
;- 1 psia e
/20-{S" 400 _ g"’/cr— aufe~ |62 gi0
/-20-¢5 PWis— _ ~dfcn Voas/e 6-2 - 30
Other Data: S R
/2 j% =4 . 7,
[ S g ¢ ‘ o )
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Picture No. /

Vert. Sems. fofv%‘/'/c\—-..,.
Sweep Rate :LU’AQS//CA—\_

Rise Time

Nat'l Freq.

3

Vert. Sens. S vV "KU:/C*—\-

Picture No.

Sweep Rate 3—0/05 / .

Rise Time

Nat'l Fregq.

Picture N:.

Vert. Semns.

Sweep Rate

Rise Time

Nat'l Freq.




Picture No. 2

¥

Vert. Sens. 470D R y/ e
4

Sweep Rate /U /"{/C—._.

Rise Time

Nat'l Freq.
- k3

Picture No. fk

Vert. Sens. . $ oV ‘“ﬂﬁ/ckﬁ_

Sweep Rate /0'//1S!ﬂ:—~.

Rise Time

Nat'l Fregq.

Picture N-.

Vert. Semns.

Sweep Rate

Rise Time

Nat'l Freq.
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10.
Initial
D. c Tes cont'd Time
Sinusoidal Pressure Gemerator d.
a. Install the tramsducer in the generator chamber. Establish I—Z«Z{f
coolant flow and allow adequate warm up time.
Plenim Pressure/@50 psig Chamber Pressure kg’a psig*
Test Gas j{e/ “o Diaphrags PositimW«tA_
b. At 1000 eps, check peak to peak chamber pressure from out-
put of monitor tramsducer. amd average chamber pressure
from both test and menitor tramsducers.
P, test 257 psig P_.Map, 250 psig pk-pk =57 paig
c. At each excitation fregquemcy record output level for each
l chamnel as i{ndicated -n the volt meter.
¢ ;' Frequency Monitor Output Test Output 504 ‘!A-,J:
(keps) nv nv e
t 41«/:44%«1,
51157 Or 5 2600 3 5 ’ ,
IOZA /.0 3 Jov 2500 160 beofhof
[e5 2/99 {929
% i) 0 s ¢
Al 2 330 3052 svyeifantd
2 Y%, 2/25
x4 & 200 3725”
i 5~ 3400 3478 a0 1»5/' y
M 3 2925 2 Sve
7 260 2575
)s 2350 2375
7__ 2428 2297
. /2 1957 2725 ‘ e
(Sevatctf= 9488
bk
= 9.56 Ll FS5. @ tovv o,
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Initial
£. Heat Iransfer Yesting Time
] 2+65

. Open Flame Test

a. Install transducer in test apparatus and proceed according
to instructions dated
Diaphragm position Adajplea Flesh .

19

' 1-2265
b. Check cootant supply level, 78 .
c. Ice cold junctions and check instrumentation, ”4‘}5‘“’

d. Estatlish coolant fiow and allow adequate warm~up time,

e. Prescribed operation conditions:

A T instrument range ! i mv.

. ’ o . . — o/
Transducer body temp. I’"’mv. Transducer position, D_Y_In.

Approximate heat #lux 1.5 BTU/inlsec

‘Ox gas ...Z_S:_ CFH, o _ psig

Fuel gas 2L crH /o psig

f. Get data points | and 2 below. Ignite torch and complete
test, : j
N, B, Hold coolant pressure throughout test.

Data Coolant Transducer Output
Point Flow Tin
cps mv mv psi

|

Coolant off . P' . 65~ (o) Ca-r&“ﬁ
— LealR

Coolant on I " , » ‘5 7 o *—1 J‘M& p

3 ) . . r~tlof.
Heat on o ! y —_—eZ > "-"7--5'1540 M

4 o
Both off (o] re O
Note: Attach AT trace to this form

«3:.'37‘4/1-&

A 2.9




h “PRINCETON UNIVERSITY A-71

DePARTMENT OF Arznosrace AND MECHANICAL Sciznces
" GuocENHEIM LABORATORIES FOR THE AznrosPace PropPuLsioN Sciences

FORM NO, 93e

JP-24 ORATORY EVALUATION PROCEDURE FOR CURRENT WATER-COOLED FLUSH DIAPIRAGM

TRANSIENT PRESSURE TRANSDUCERS

‘Type of Trémsducer: S-““n %Mr §‘~m.'. &’_‘ et
Memtacturer: Phafocon R agearh Prol. roce1: PRP 2ap secial: _107

Other Data:

)
|

Z
)

Requested by: _ Conducted by:

Approved by: % - '

Date Start: “Z‘-‘)" Date Stop: ;”7’9"42.'

Initial
A. Inspection Time
' Date
-7
1. Iaspect transducer, especially for ilaws or damage wiil. a 2.‘/,

stereco-microscope and Zyzlo as nccessary, noting cracks, deats,
imperfect welds, etc. {Attaciied pl.oios or skectches as required).
’ (-2/<€s]

2, Measurce tiansducer for compliance with ouiline drawia;. Note }7‘
deviations: ' :
- 6-Tr
3. Measure leakaye resistance from all aciive pins to grouund .
using the volieohmy'st. Leakase resisiauce = _ ey
megohm. . 6 -2

4. For strain gage tvpe transducers, neasurc resistaunces using the QJ‘J
Wheatstone .bridge R

Input resistance = 3 3 &, ‘ oims, 6 -~27
Output resistance = i‘;}v 7 ‘ohms.
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3.

Apply 287 psig to transducer,

'€, Static Testing

V=TT ERCRRT AVE.e

]“ SL"”)!L
e B AARAD U2

CASIER ] e NP (LLV N E=10]

nitisl
Timo -

hi-Va

o f ?’241 a1 +1] )

Insert on appropriate
voltage divider to bring output on the ealibrator scale.
Divider ratio = ——— .. . Release appl!ed pressure.

"3

Apply pressure in [U0 _.-psi steps Q2 T00p sng anu retura
In equai steps to zero pr055ure.

. E! B, Care must be taken to approact esch pressure in the partic-

ular direction of travel to avoid any masking of hysteresis
of other eftects.

Computing Identification 200/ .
Ascending!( Applied Descending
Pressure Output Pressure Pressure output
(mv) (psig) (mv)
—_—g/.95 ‘ ' 0 - 3547
— 3334 /¢ ~3246
- 33%°¢ 2.0 - _255£
- 2934 3 ov . ~ 24,00
- 244§ 4 o t — (3/06
- 1974 Y 4w Yol —— 23
- /499% < 6w 5 - 2%9¢
- 284 3 200 o il 2 N
- yoF S X & Py,
— 007 @ Qv k4 37 2
+ 5 OH§ B 400 'g 70 2.0
Q58 S__yav @ 75,98
1494 < /2oy 8 2d00
_ 2 q00 1 [ Xa 2492
_— 2.507 /4 ¢ 2962
do oo LS00 3962
34.2§ 6o - J942
3925 (207 447
A4 50 [F e 48.40
4920 (geo r2 i
Ca v 2 2007 IS/ 6

& Report spparent erroneous data before procoadlng with evaluation, B

Cbﬁhbﬁi} Conn¥ (? Lx .
Ferco Poover Supply Model T b5 Sa Fo8eS
Stupson Aedel 29 O-C Millivie B, Sh 6242
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4, Establish rated coolant flow and repeat Itém C3. HNake certain
that zero pressure output has stablized before proceeding.
Seat transducer diaphragm. Computing identification_2 002 .

6.
| | | finitital
C. Static Testing (cont!'d) Time
: . - . and Date
= e

hl{wTS.

A'scsnding Out- 'Appllad 6escendlng Out- %:7.:
put Voltage Pressure put VYoltage — 4
(mv) (pslg) (mV) 672345
’- 381 20 DRSNS Q "'.. ,7' ',"'35'.12”5 :
—~ 243 2.00 _‘ - 31,20
— (5,5 400 - 220k
4—l) 02 /OovUv 1 4 2 00
+~ 2585 o /300 ® 245&
+ A0,y § /6 00 § 3650
4985 5 18vv .g 4643
57:36 a 2000 o 56,00
. - . s
° c
c o
3 3
2 8|
‘A
]
Coll Mo, Fre 2008 Py G poroe Frathum.
1 SLynew S = TaTErCERT AV e
002 e i P2NAVAELNT 7.3(1(\43'2(']_‘/,:1-1)2 . ]_/\-'.,-;r‘;,.,_‘,’ 1-4+n01]
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Initict -
C. Static Testing (cont'd) Time
and Dzte
- =
Duglicate Item C4 fo determin. repcatability. Seat transducer
diaphragm. Computing identification 200 % }'7_
| £-29<¢5T
' Ascending Out- Appliad Descending Qut- _
put Voltage Pressura put Voltage ’
VoNs (psig) =
( ) Cvolds)
’ déé 0 e 6 b
064 /o 069
,6290 [ Znadind c022
072 :3 oo 0 7 ‘
075 q U0 ' 07 9
02& ) ST o 0 & L
N @ |
082 5 6 oo 2 oV b
: 08S~ § 200 g ed ¥ 9
088 o g o o 092
092 e Qv -;,:: . 094
04y 2 Lo oo g 099
. ¥} (1]
09§ a { vo 2 /0L
A1 ‘ kXA 10k
'/05 XA c /d7
,0¥ (4o~ WiX:
AT /U0 I/ b
’/IQ’ /6 o L l17
S8 1200 L lz2
12/ (yov A2 ¥
A ES” (q o 126
LI E y 128
— , Redod on PAR Dyt Volleols,
D.PTS ’ . - —
* ID S . : —_—
42 2003 OSLOPE - - L T
*32181818¢-04, Y-INTERCEPT - , :
*64794372¢-0; AVE. pgy,

* 184983910,
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9.

D. QDynamic Testing (cont'd)

Initiai’
Time -
and Date

2. Shock Tube Testing

Install the tfransducer in accordance with instructions dated
2 June 1964 for coolant flow and static testing.

Transducer Location £l Diaphragm Position _£/us 4

V9 2Y/%
254

"

e. Insert i inch thick steel plate between tube flanges ahead of
transducer and repeat item d.
Date Time Picture Vert. Horiz. Test Burst
No.. ... Sens. Sens. | Section |Pressure| .
’ e Pre?sure psia.
psia -
423 3 . 13,51 50 € 3 |s2s
w A i A €3 |55
7_ o /01 €3 |s¥7

r/) ;‘/
- b, Establish coolant flow through the transducer and ailow
adequate warm-up time.
c. Insert a burst disc in The shock tube and proceed
according to instructions dated 5 June 1964.
Test Gas N =~ Test Pressure 6:3 _ psia i
Driver Gas Ho Burst Disk size__s—gg  psi
d. Photograph the oscilloscope display with the Polaroid camera
and record the following information
Date Time Picture Vert. Horiz. Test Burst
No. Sens, Sens., Section {Pressure
' %476____ /'5/,‘_~ Pressure psla
psia .
/23 / 3.5 g d ¢ 3 S FS
2 N 0 ’70 & 3 x X%
- S ’ o) 6.3 | 545
6 . . e 63 | s¢0

Other Data:
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Dynamic Tests in Shock Tube

Picture No. /

Vert. Sens. _ 3.5 ”"”/c«._

Sweep Rate SoA5 ferr

Rise Time

Nat'l Freq. —— 26707

Picture Ilo. 3
Vert. Sens. 3/f’*ﬂ//¢!-

Sweep Rate __ 9 0 “Ysfe—

|
|
|

i
|
{

Rise Time
Nat'l Fregq. =2 267¢7
( B/antred ofF)

Picture N-. 9

—a

Vert. Sems. 3.5 1"“-‘/¢-.

Sweep Rate 5O Asfe

Rise Time

Nat'l Freq.

S Aot niade f T odapio
wtppely e o Rrtteb
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Dynamic Tests in Shock Tube

Picture No.

Vert. Sems. 3,5 7’1”“’/&-\.
Sweep Rate /6/75/&«-

Rise Time

Nat'l Freq.

Picture No. 7

Vert. Sens. 3.5 W‘m—-

Sweep Rate ld/lS/ou—-

Rise Time

Nat'l Fregqg.

(BWJ’,;&/

Picture Nc. 6
Vert. Semns. 3n5/)"""’/c-—-

Sweep Rate /o /4)/‘*—~—

Rise Time

Nat'l Freq.

gt e Yo esha i, 2k




10.

a.

a1 Pressure Gemerator

- Plenim Pressurc /6 30 psig Chamber Pressure 2.5 0 psig,;

ic Testi cont 'd

D.

Install the tramsducer in the generator chamber.
coolant flow and allow adequate warm up time.

Establish

Diaphragm Pcsition ij&‘

Mo,

Test Gas

Initial

At 1900 cps, check peak te peak chamber pressure from cut-
put cf monitor transducer and average chamber pressure
rrom both test and mounitor transducers.

P> test 25D psizg P ,Mona 290 psiz Pk-pk _F 2 psig

At each excitaticn frequency record outpiit level for cach
channel as indicated n the volt meter.

A-81

Frequency Honitcr Outpet Test Ouiput
(kers) mv (Ave) mv {Awa)
S 73 oo 10250 (03 | |
/ ‘,z v 6 2@! X Mh‘bﬂﬁ
£,07 ‘qmﬁ Yoy 573 | A O Hr0R
2 ie oo st lrgs, o deviimes
3 2250 20ve .5 | L
& 22 .49 1374 Q  scu qua..‘,zmx
el /2 20 1230 .onv
£ /Y60 /220 .55
7 /L5 /700 .4
£ 14 & $ro .vs3
9 _ [y 0O ‘fﬂ 104
79 Jevo 295"0 .r?

0-703E)
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APPENDIX B

Final List of Publications
T

on Transient Pressure Measuring Methods Research
under NASA Contracts NASr-36 and NAS8-11216

As of 30 June 1965

Jones, H. B., "Effects of Tubing Connection on Transducer Response, "

Princeton University Aeronautical Engineering Report No. 595a, January
1562,
Jones, H. B., "Transient Pressure Transducer Design and Evaluation, "

Princeton University Aeronautical Engineering Report No. 595b, February
1962.

Knauer, R. C., "Preliminary Evaluation of Available Transient Pressure
Transducers for Rocket Motor Testing, ' Princeton University Aeronautical
Engineering Report No. 595¢, 28 May 1962 (Limited Distribution).

Carwile, C. L., "An Analytical and Experimental Study of the Response of
a Small Chamber to Forced Pressure Oscillations, " Princeton University
Aeronautical Engineering Report No. 595d, 15 October 1962.

layton, J. P., "Technical Note on a Small Passage Technique for Transient
Chamber Pressure Measurements in Large Rocket Motors, ' Princeton
University Aeronautical Engineering Report No. 595e, 31 October 1962
(Limited Distribution).

Layton, J. P., Knauer, R. C., and Thomas, J. P., "Summary Technical

Report on Transient Pressure Measuring Methods Research, 1 March 1961

through 31 December 1962," Princeton University Aeronautical Engineering
Report No. 595f, September 1963.

Bentley, W. C. and Walter, J. J., "Dynamic Response Testing of Transient
Pressure Transducers for Liquid Propellant Rocket Combustion Chambers, "
Princeton University Aeronautical Engineering Report No. 595g, June 1963.

Knauer, R. C., "Technical Note on Response Testing of a Rocketdyne F-1
Thrust Chamber Pressure Measuring System, "' Princeton University Aero-
naturical Engineering Report No. 595h, 12 June 1963 (Limited Distribution).

Layton, J. P., Knauer, R. C., and Thomas, J. P., "Summary Technical
Report on Transient Pressure Measuring Methods Research, 1 January
through 30 June 1963, " Princeton University Aeronautical Engineering
Report No. 595i, October 1963,
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Knauer, R. C., "Technical Note on Response Testing of Kistler Adapters
628B and 628C, Princeton University Aeronautical Engineering Report
No. 595j, 24 October 1963 (Limited Distribution).

Knauer, R. C., "Technical Note on Response Testing of Transducers Con-
nected by Long Passages, " Princeton University Aeronautical Engineering
Report No. 595k, 31 October 1963 (Limited Distribution).

Knauer, R. C., '""Technical Note on Response Tests of Two Cavity Type
Pressure Transducers, ' Princeton University Aeronautical Engineering
Report No. 5954, 3 January 1965 (l.imited Distribution).

Jones, H. B., Knauer, R. C., Layton, J. P., and Thomas, J. P., "Tran-
sient Pressure Measurements in Liquid Propellant Rocket Thrust Chambers, "
(Summary Technical Report through 31 December 1964, Princeton University
Aeronautical Engineering Report No. 595m), ISA Transactions Volume 4,

No. 2, April 1965.

Thomas, J. P., "Preliminary Technical Note on Evaluation of Electro-~
Optical Systems PT15C Series Silicon Semiconductor Strain Gage Bridge
Transducers, Princeton University Aeronautical Engineering Report

No. 595n, 22 December 1964 (Limited Distribution).

Michael, M. E., "Preliminary Technical Note on Evaluation of Aerojet~
General Corporation Model HB3X Small Passage Technique, ' Princeton
University Aeronautical Engineering Report No. 5950, 30 April 1965
(Limited Distribution).

Layton, J. P., and Thomas, J. P., "Summary Technical Report on Transient
Pressure Measuring Methods Research, 1 January through 30 June 1965, "
Princeton University Aeronautical Engineering Report No. 595p, 16 November
1965.

Michael, M. E., "Dynamic Performance of Small Passage Connected Pressure
Transducers, ' Princeton University Aeronautical Engineering Report No. 595q,
(In Preparation).

Megerman, J., '"Heat Transfer Measurements with Water Cooled Flush Dia-
phragm Pressure Transducers, Princeton University Aeronautical Engineering
Report No. 595r, (In Preparation). '

Obi, W. C., "Computer Analysis of the Transient Response of Pressure Trans-
ducers to Shock Inputs, " Princeton University Aeronautical Engineering Report
No. 595s, (In Preparation).

Layton, J. P. and Thomas, J. P., "Final Summary Technical Report on Tran-
sient Pressure Measuring Methods Research, ' Princeton University Aeronautical

Engineering Report No. 595t, (In Preparation).
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